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ABSmCT 


The  radiolosical  recovery  of  essential  facilities  within  a  fallout 
area  is  a  complex  task.  It  involves  the  schedulinc^  application  and 
control  of  a  variety  of  tools  and  skills  for  recovery.  Execution  of  a 
recovery  operation  must  he  swift  said  efficient  to  avoid  the  over-exposure 
of  work  crews  to  the  radiation  hazard.  Ih[us>  safe  and  effective  perform¬ 
ance  will  depend  upon  the  advance  formulation  of  a  detailed  radiological 
recovery  plan. 

A  special  recovei^'^  planning  procedure  has  been  under  development 
for  several  years.  In  its  present  form  the  procedural  concept  has 
proved  (juite  feasible,  as  demonstrated  by  the  results  of  the  Complex  II 
experiment.  However,  a  nuiiiber  of  critical  planning  variables  amd  re¬ 
lated  factors  have  required  closer  inspection  and  measurement.  For  this 
reason  the  Complex  III  experiment  was  instituted. 

Some  of  the  pertinent  experimental  results,  leading  to  a  more  re¬ 
fined  recovery  planning  procedure,  are  as  follows: 

1.  Contribution  factor  calculations  were  confirmed  by  the  experi¬ 
mentally  determined  values;  so  much  so,  in  fact,  that  the  resulting 
iraiiroved  method  of  calculation  is  recommended  for  recovery  planning 
purposes. 

2.  Reclamation  coefficients  (used  in  estimating  recovery  dose) 
appeared  to  ^'ary  with  surface-method  combination  emd  effort.  Because 

of  experimental  differences,  comparison  of  these  coefficients  with  their 
counterparts  derived  from  Canplex  II  results  Indicated  no  more  tl»n  an 
approximate  agree  lent. 

3«  Pinal  effectiveness  lii  the  reduction  of  the  general  radiation 
level  by  the  combined  action  of  weathering  (by  winds)  and  recovery  was 
97  %  Wind  action  accounted  for  approximately  I/3  of  the  total  reduction. 

4.  Total  recovery  time  (or  effort)  predictions  were  low  by  approxi¬ 
mately  10  because  of  the  consistent  trend  in  underestimating  the  times 
expected  for  individual  reclamation  Jobs. 

5.  At  least  3,/5  of  the  total  recovery  time  was  devoted  to  support 
functions  -  t3iose  tasks  not  directly  contributing  to  the  dislodgement 
and  removal  of  fallout  material. 
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Problem 


Following  a  nuclear  attack,  It  is  the  responsibility  of  the  radio¬ 
logical  defense  system  to  reduce  the  hazardouis  conditions  created  by 
the  radioactive  fallout.  Aside  from  the  employment  of  personnel  shelters 
(dtirlng  the  emergency),  an  effective  radiological  defense  relies  upon 
the  physical  removal  and/or  suppression  of  the  fallout  material  (follow¬ 
ing  the  emergency).  This  part  of  the  defense  effort  Is  called  radio¬ 
logical  recovery. 

The  radiological  recovery  of  essential  facilities  within  a  fallout 
area  Is  an  extensive  and  complicated  task.  Because  of  the  variety  of 
surface  conditions  encountered,  a  vide  assortment  of  tools  and  skills 
for  recovery  are  required.  The  effective  reduction  of  fallout  (or  Its 
effects)  must  be  carried  out  quickly  and  efficiently  to  avoid  over¬ 
exposure  of  the  recovery  crews  to  the  radiation  hazard.  Thus  It  Is 
evident  that  a  successful  recovery  operation  will  depend  upon  thorough 
advance  planning.  Furthermore,  radiological  considerations  must  govern 
the  planning  procedure. 

A  recovery  planning  procedure  Is  currently  available  as  a  direct 
result  of  the  Complex  II  fallout  target  recovery  experiment.  Although 
the  procedure  proved  to  be  quite  feasible,  certain  Improvements  were 
required  to  broaden  Its  application.  The  Complex  HI  experiment  was 
performed  to  measure  critical  planning  variables  and  related  factors 
which  would  Isqprove  the  current  recovery  planning  procedure. 

Findings 

A  test  site  containing  approximately  3  acres  was  contaminated  with 
a  radloactlvely  traced  fallout  simulant.  The  entire  site  (including 
building  roofs,  grounds,  and  streets)  was  then  recovered  using  six  dif¬ 
ferent  reclamation  methods.  Documentation  of  the  required  Infoxnatlon 
was  achieved  through; 

(1)  A  system  of  continuously  recording  remote  gamma  measuring  devices. 

(2)  Monitoring  of  sdl  reclamation  tasks  with  portable  radlacs. 

n)  On  site  meteorological  measurements. 

-t^r'TIme  and  motion  studies.  _  . 


As  a  result,  the  fallout  reduction  effects  of  wind  erosion  and 
recovery  effort  were  determined.  The  list  of  reclamation  coefficients 
(needed  to  compute  reclamation  crew  doBa^o)  was  extended,  and  the  be¬ 
havior  of  these  coefficients  as  a  function  of  method  and  effort  was 
studied,  llie  method  for  predicting  the  radiation  contributions  of 
various  target  components  to  a  common  location  of  interest  was  made  more 
reliable.  Correction  factors  were  found  for  adjusting  recovery  tine  and 
effort  estimates.  Together,  these  findings  will  permit  further  refine¬ 
ment  of  the  recovery  planning  procedure. 


ACamCWIEDGMEOTS 


This  land  Target  Complex  experiment  was  of  such  magnitude  that  it 
could  not  have  been  fulfilled  without  the  whole-hearted  assistance  and 
cooperation  of  several  organizations  and  their  personnel: 

Los  Alamos  Scientific  laboratory,  Los  Alamos,  N.  M. 

Air  Force  Special  Vleapons  Center,  Kirtland  Air  Force  Base,  N.  M. 
Commanding  Officer,  Camp  Parks,  Pleasanton,  Calif. 

Particularly  outstanding  was  the  performance  of  the  personnel  from  the 
Mobile  Construction  Battalion  Center,  Port  Hueneme,  California. 

Of  the  members  of  the  Naval  Radiological  Defense  Laboratory  who 
participated,  the  authors  are  especially  appreciative  to  those  whose 
individual  contributions  were  indispensable  in  the  planning,  execution, 
and  reporting  of  the  experiment: 


Hr.  H.  Lee 

Mr.  D.  E.  Clark,  Jr. 

Mr.  VJ.  B.  lane 
Mr.  P.  A.  Covey 
Mr.  H.  R.  Rinnert 
Mr.  J.  Corn 
Mr.  R.  Johnson 


Planning,  Recovery  Operations  and  Shielding 
Measurements 

Synthetic  Fallout  Dispersal  and  Recovery 
Operations 

Synthetic  Fallout  Production 

Instrianentation 

Shielding  Measurements 

Data  Reduction  (Author  of  Appendix  O) 

Data  Reduction 


cansans 


AIMINISTRATIVE  IRFORMITIOII 

ABSmCT . 

SlMttBY  . . 

AGKMOWIEDOJENTS . 

OIOSSAKf . 


Inside  frmt  cover 
..  .....  1 

. 11 

. Iv 

.  X 


CHAPTER  1  niTROnJCTION . 

1.1  Background . 

1.2  Objectives . 

1.3  Report  Plan . 

CHAPTER  2  EXPERBfEMTAL  DETAILS . 

2.1  Radiological  Conditions  . 

2.2  Test  Site  Conditions . 

2.3  Operational  Scope . 

2.4  Pallout  Material . 

2.4.1  Isot<^  Procxireaent  and  Processing  .  . 

2.4.2  Bulk  Carrier  Material . 

2.4.3  Producticm  of  ffallout  Sjjulant  .  .  .  . 

2.4.4  Radioactivity  Analysis  . 

2.5  Dispersal  of  Islloat  Slaulant . 

2.6  Instrunentatlon  . 

2.6.1  Leboxatory  (laiwa  Radiation  Counters.  . 

2.6.2  Remote  Ajtm  Monitoring  Systeta  (RAMS)  . 

2.6.3  Fortsible  Rsdiacs . 

2.6.4  Meteorological  Measurements . 

2.6.3  Topogr^>hical  Survey  . 

2.7  Recovery  Operatloas . 

2.7.1  Extent  of  Recovery . 

2.7.2  Reclamation  Techniques . 

CHAPTER  3  RESCI/E8  AHD  DISCUSSKEI . 

3.1  Time  and  Motion  Studies . 

3.2  Dose  Rate  Reductim . 

3.2.1  Target  Dose  Rate  History . 

3.2.2  Effects  of  Weathering  and  Recovery  .  . 

3.3  Recovery  Dose . 

3.3.1  Dose  Deteminatloos . 

3.3.2  Typical  Dose  Rate  Histories . 

3.3.3  Derived  ReclamatlMi  Coefficients  .  .  . 
3.3>4  Reclamation  Coefficients  Versus  Effort 


V 


■-Ir^OIOI  .d- ITkOVOxQ  p  «  tt  fc  fc  2>®2  O'.d 


3*4  Ridlatloa  ContrllMitlons . 79 

3A.I  CoBtributioo  Ibeton . 79 

3.1^. 2  fkmetlonal  Contributions . 83 

3.1».3  Analysis  of  Irror.  . . 90 


CaLFSR  4  OCKXUBIOm  AMD  BKXIMBDAIIOK . .  92 

^.1  Conclusions . .  .  92 

4.2  Bseo— snaations . 94 


AlfBOn  A  SBMBIXaK  Of  lAZIXXfT  WOm . 96 

ACTDIX  B  DBCRXFlIOir  OF  SIB  AMD  OF  ■CPBDIBHAL  lAMD 

BRQII  0GMF1« . 102 

AFBMDIX  C  RMOB  ABA  MOMITORIW  SZSflM  (IMMB)  lATk . U9 

APBKDXX  D  PORTABLE  RAOIAC  SURVEY  (CUTIE  PIE)  DATA . 126 

ACTDIX  B  COMTRIBUTION  FACTOR  CALCULATIONS . 134 

APPENDIX  ?  DETERMINATION  OF  AN  APPROPRIATE  SHIELDINQ  ■  .  • 

CURVE . .  . . l4l 

APIBIDZX  a  8Y8TBIATIC  GALCUIATIONS  FOR  MASS  TBICXMBSS . 152 


■laurnH 

2.1  Assumed  Bsdlologicail  Conditions  for  a  Land-Surface  Burst  . 

2.2  Turget  Cosiplex  Components.  .  . . 

2.3  Sand  Sieve  Analysis.  . . 

2.4  Specific  Activity  of  Fallout  Simulant . 

2.5  Amount  and  Concentration  of  Fallout  Simulant  Dispersed  .  . 

2.6  Test  Schedule . 

3.1  Effort  for  laveewnt  and  Roof  Reclamation . 

3.2  Effort  for  Field  and  Lawn  Reclamation . 

3.3  ftmetion  of  Recovery  Operating  Times  Required  for  Support 

Functions . . . 

3.4  Comparison  of  {predicted  auid  Observed  Reclamation  Rates  .  . 

3.5  ConparlSOT  of  Predicted  and  Observed  Operational  Time 

and  Effort  Values . 

3.6  Dose  Rate  Reduction  by  Weathering  and/or  Recovery . 

3.7  Times  at  Which  Wind  Velocity  Exceeded  10  Knots  During 

the  Weathering  Phase . 

3.8  Reclamation  Coefficients,  RC,  for  Firehoslng.  ...... 

3.9  Reclamtion  Coefficients,  RC,  for  Sweeping  and  Flushing  .  . 

3.10  Reclamation  Coefficients,  RC,  for  Grading  and 

RototilUng . . . 

3.11  Reclamation  Coefficients,  RC,  for  Soil  Removal 

Operations . . 

3.12  Reclamation  Coefficients,  RC,  for  Manual  Tasks . 

3.13  Predicted  Contribution  Factors  for  Station  19,  10th  St.  .  . 


.  5 

.  7 
11 
13 
15 

22 

31 

32 

33 

35 

36 
53 

56 

72 

73 

74 


75 


76 


82 


Vi 


C  P  6  *****  ^  ®  ***  *®  lO  MUHO I-* 


3.14  Ccaqparison  of  Trodletod  to  NeMurod  fk»otiawl 

CoDtrlbutioM  (f)  to  Station  19,  10th  St . 

dMHa  Intanslty  ^  MMS  Surlag  Dioportal  Ram . 

OMn  Ihtanaltgr  riM  WMB  Surlag  Voatharlni  Rmo . 

daam  iBtaaaity  via  MSB  Surlag  laeomx  Aaaa . 

Qmml  Ineanalty  via  Bidlaes  Surlag  Slapanal  Phasa . 

Ohm  lataatltgr  via  Ihtdlaoa  at  Hoof  Haight  Surlag 

Slaparaal  Shaaa . . 

Qaana  Zataaalty  via  Badlaei  Surlag  Voatharlag  Fhasa  .  .  .  . 
OaaHa  latanalty  via  Hadiaet  at  Hoof  Haight  Surlag 

Yaathariag  Ftaasa.  . . 

Ohm  lataaalty  via  Badlaoa  Surlag  Heeovary  Phaaa.  .  . . .  . 

Ohm  Intanalty  via  HaAlaea  at  Roof  Haight  Duriig; 

Raeovaxy  Fhasa . 

Contrlhutlon  laetora  -  lavad  Araaa  Station  19 . 

Contribution  factors  -  Roofs  and  land  Areas  •  Station  19. 

Contribution  factors  >  Sldawalks  -  Station  19 . 

Contribution  factors  -  Planter  Rads  -  Station  19 . 

Contribution  factors  -  Launs  -  Station  19 . 

Calculation  of  Y  Fron  Uhshialded  Maasurenents  of  Qaana 

Intansltlas . 

Calculations  of  B*  and  s  for  Arbltxaxy  Values  of 
ct  and  T . 


Doss  Rata  Build-up  and  Oaoay  -  33  MIIbs  fron  a  1  Iff 

Burst  at  3  Ptat  Above  the  Oround . 

Viav  of  laxget  Coaplex  Looking  West . 

VLav  of  Saxgat  Cosqplax  Looking  Hast . 

BINS  Station  4  on  the  Plasa. . 

RMB  Stations  9  and  10  Bldg  973 . 

Plot  of  Air  taspsratura  During  Waatherlig  and  Recovery 

Phase . 

layout  of  Oarget  Ccaplax  . . . . 

RototlUing  last  field  Using  a  D-6  Caterpillar . 

Initial  RaclHsation  of  Isnllton  With  Vayne  (Model  490) 

Swaapar.  ......................... 

Flrehoslng  Tkr  and  Qraval  Roof  of  Building  973  . 

final  IsclMtlatt  of  10th  St  Vith  Coaventlonal  Street 

flusher . 

lasm  Hnsoval  by  Sxaetmr  Scxapli^ . 

Loading  l^poll  for  Pinal  Disposal . . . 

3.1  Tbs  Bacovexy  Effort . . 

3.2  Dose  Rata  Hlstoxy  of  Vaatherlng  and  Raeovaxy  -  10th  Straat 

(Station  19) . 

3*3  Stta  Hlstoxy  of  Vaatherlng  and  Recovery  «  Plasa 

(station  4) . 4l 


vll 


s  ^^8  siSoocoN  2  5  ISS&SS  SS  SS  SSSEs 


Dose  Rate  History  of  VMthsrlag  and  Rseorary  -  lurraea 
(station  2) . 

3>3  Dosa  ihta  History  of  Waatharlng  and  Rsoovary . 

(last  riald  (Station  3) 

3.6  Dosa  Rata  History  of  Vaatbarlng  and  RsoorMy  -  Bldg.  370 

(Station  17) . 

3.7  Dose  Rata  History  of  Vaatbarlng  and  Rseorery  -  Roof 

BUg.  370  (Station  U»R) . . . 

3.8  Dosa  Rata  History  of  Vaatbarlng  and  Raeovary  -  Bldg.  371 

(station  lb) . . 

3.9  Dosa  Rate  History  of  Vaatbarlng  and  Raeovary  >  Roof 

BUg.  371  (Station  ibR) . 

3.10  Dosa  Rata  History  of  Vaatbarlng  and  Recovery  -  Bldg.  372 

(Station  7) . 

3.11  Dosa  Rata  History  ct  Vaatbarlng  and  Raeovary  -  Roof 

BUg.  372  (Staticn  72) . 

3*12  Dosa  Rata  History  of  Vaatbarlng  and  Raeovary  -  1st 

Floor  Bldg.  373  (station  12) . . . 

3.13  Doa«  Rata  History  of  Vaatbarlng  and  Raeovary  >  2nd  Floor 
BUg.  373  (Station  10) . 

3.1b  Dosa  Rata  History  of  Vaatbarlng  and  Raeovary  •  Roof 

BUg.  373  (Station  lOR) . .  . 

3.13  Dosa  Rata  History  for  Flraboslng  Roosi  -  Bldg.  371 . 

3.16  Dosa  Rata  History  for  Motor  8waapli«  -  First  Bass . 

3.17  Doaa  Rata  History  for  Motor  Svaaplng  -  Saeood  Bass  .  .  .  . 

3.I0  Dosa  Rata  History  for  Motor  Flustaligc  Plasa.  ,  . . 

3.19  Rose  Rata  History  for  Motor  Oxadlng  Barraea. . 

3.20  Dosa  Rata  History  for  RototllUng  Bast  Field . 

3.21  Dose  Rata  History  f«r  Sraetor  SeraDlng  Lspvna . 

3.22  Dosa  Rata  History  for  Iioadlng  Sipoil . 

3>23  Rosa  Rata  History  for  Sbovaling  leans.  .  .  .  .' . 

3«2b  Influence  of  Sweeping  Kffort  on  Raeleeatlon  Ooafflelants  . 

3.23  Coeperlson  of  Sblalding  Rffaets  Corves  Dssd  In 

Obtaining  ofg  Valoas . 

3«26  CosvMlson  of  Brsdietad  Jg  Msasurad  Fialuss  for  Zadividual 
Contributions  to  Station  I9 . 


b2 

b3 

bb 

b3 

b6 

b? 

bd 

b9 

50 

51 

52 
62 

6b 

63 

66 

% 

69 

70 
78 

8b 

88 


3.27  Comparison  of  Bradietad  Jg  Msasurad  Tblnas  for  Oroi^ad 

Contributions  to  Station  19.  ......  . . 89 

A.l  Fitting  Range  of  Sand  Bartlela  Slsas  to  Oat  kieoHsassad 

by  fbllout  Bartlclas  Wtom  a  1-NI  land-Surfiaea  Detonation.  .100 
A.2  BstabUsblng  Downwind  Dlstanea  Froa  14B  Detonation 


for  Bartlela  Slsa  Range  of  130  to  300  Microns . 101 

B.l  Location  of  Land  Bargat  Congplaz  In  Osng  Buks . I03 


B.2  aansiEal  Isqrout  of  BSrgat  Conplax  Showing  Location  of 

Fixed  Raaota  Arsa  Monitoring  8ystaa  (rIMB)  Stations.  .  .  .  103 


vlll 


B.3  Bleyatlons  (ft)  of  the  CoBq[K>Qent  Surfatoee  of  the  Complex.  .  .107 

B.4  Profile  Ibrough  Section  A*A  In  fUt»  B.3 . 109 

B.3  Profile  Through  Section  B*B  In  Fig.  B.3 . 110 

B.6  Profile  Through  Section  C-C  In  Fig.  B.3 . Ill 

B.7  layout  of  Unpeved  Ground  Qhet  Surfaces  . . 113 

B.8  layout  of  Ihved  Ground  Test  Susrfaces . 113 

B.9  layout  of  Ihr  and  Gravel  Roofs  and  Paved  Walks . 117 

F.l  Comparison  of  Shielding  Effects  Istlmates  and  Neasurements.  1^2 

F.2  Build-up  Phctor  as  a  Function  of  Energy  for  Vlarlous 

Multiples  of  NFP>ct.  . . 144 

F.3  Build-up  Factor  as  a  Function  of  MIP  Multiples  for  a 

Constant  Phot^  Energy  of  O.83  Mev . .  .14^3 

F. 4  Detenalnatlon  of  Y  Intercept,  Yo  *  lu.  In  Eq,.  F-6 . l48 

G. l  Exmqpla  of  Simple  Shielding  In  the  Oblique  Direction . 134 

G.2  Horizontally  Oriented  Shielding  Elements . 133 

G.3  Vertically  Oriented  Shielding  Elements . 137 


lx 


OLOSSARY  OF  RADIOLOGICAL  DEFENSE  TEEMS* 


Baergency  ribaae.  nie  first  phase  of  the  radlologiced  defense  systen. 
flurl^  this  period  of  peak  rsdiologlcal  hazard  the  controlling  counter¬ 
measure  consists  of  ade(|uate  shelter. 

Operatl<Mal  recovery  phase.  The  second  phase  of  the  radiological  defense 
systoi  tkat  iBnedla^ly  follows  the  emergency  phase.  Recovery  of  essen¬ 
tial  facilities  is  acconpllshed  to  permit  resumption  of  the  basic  mission. 

BadioloelcaO.  Recovery,  ntat  part  of  the  overall  recuperative  effort 
concerned  with  reducing  the  radiation  hazards  to  a  level  that  permits 
the  resumption  of  an  installation's  essential  functions.  Recovery  em¬ 
braces  vhatever  countermeasures  are  necessary. 

Countermeetfure «  Any  of  several  methods  or  principles  used  in  reducing 
fallout  radiation  effects,  niree  types  of  countermeasures  applicable 
during  the  recovery  phase  are  reclamation,  shielding  and  scheduled  con¬ 
trol  of  personnel. 

Reclamation.  The  reduction  of  radiation  intensity  by  removing  fallout 
material  or  burying  it  in  place.  Flrehosing  and  plowing  are  examples 
of  available  procedures. 

Effectiveness.  The  mec«vire  of  the  fallout-removal  capability  of  a 
countermeasure  or  an  entire  recovery  operation.  It  is  usueiUy  exprese«|d 
in  terms  of  the  fraction  remaining  (F)  or  the  percent  removed  [lOO(l-F)] 
with  respect  to  either  the  decay- corrected  radiation  level  or  the  amount 
(mass)  of  fallout  material  initially  present. 

Standard  padlati<»  intensity.  The  observed  radlac  dose  rate  3  feet 
above  a  uniformly  cnxtaaiiiaM  open  .area  produced  by  the  totail  deposited 
fallout  corrected  for  decay  to  1  hour  after  detmation. 

Syclflc  activity.  A  measure  of  the  radioactivity  per  unit  mass  (iic/g) 
or  fallout  slnulauit.  For  reaG.  fallout,  specific  activity  is  given  in 
fisslons/g. 


'Nienerally  use^  in  ra^ological  defense. 
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HegjiiHMi  JfcgjggrJ^RW) .  A  Beasure  of  eountemeasure  effectiveness.  It 
is  the  fraction  of  the  potential  dose  from  the  unaltered  radiation 
field  that  would  be  received  after  application  of  the  countexaeasure. 
Ihe  more  effective  the  cointexneasurei  the  saudler  the  residual  nunfcer 
and>  hence,  the  soaller  the  dose. 
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CHAFEER  1 


INTBOnJCTION 


The  threat  of  a  high  radiation  field  created  by  radioactive  fallout 
after  a  nuclear  attack  has  prompted  the  development  of  a  radiological 
defense  system.  This  syston  Is  predicated  upon  the  combined  concept  of 
shelter  protection  during  the  emergency  phase*  and  the  physical  reduction 
of  fallout  (or  its  effects)  during  the  operational  recovery  phase.  The 
actual  task  of  fallout  reduction  Is  called  the  radiological  recovery. 
Developing  the  means  for  planning  Its  timely  and  efficient  execution  Is 
the  prime  concern  of  this  report. 

1.1  BACKGROUND 

Radiological  recovery  of  essential  facilities  within  a  fallout 
pattern  Is  a  large  and  complicated  process.  Due  to  the  variety  of 
surface  conditions  that  will  be  encountered,  a  wide  assortment  of  tools 
and  recovery  skills  will  be  involved.  In  areas  of  high  fallout  concen> 
tratlon,  tons  of  accumulated  fallout  must  be  removed.  For  this  reason 
considerable  numbers  of  heavy  equipment,  with  operators,  will  be  required. 
In  addition,  optimum  recovery  of  a  given  built-up  target  complex  may 
require  the  coordinated  application  of  sweeping,  flushing,  burial  and 
soil-removal  reclamation  methods. 

Obviously  an  operation  of  such  magnitude  must  be  preceded  by  an 
Intensive  planning  stage.  A  random  recovery  program  could  achieve  the 
desired  reduction  of  the  fallout  hazard,  but  the  recovery  effort  might 
be  greeter  than  necessary.  Also,  this  could  mean  needless  and  perhaps 
dangerous  overexposure  of  recovery  teams  to  the  radioactive  field.  Con¬ 
ventional  planning,  as  practiced  In  non-radlologlcal  situations,  will 
minimize  the  waste  of  time,  manpower  and  sun>lles.  However,  efficient 
recovery  planning  techniques  must  include  radiological  considerations 
to  obtain  an  acceptable  bsilance  between  the  gains  In  fallout  reduction 
and  the  cost  In  dose  to  personnel. 

In  19^9  and  i960  a  series  of  three  "Target  Complex"  experiments 
were  conducted  at  Camp  Barks  to  reconcile  the  operatiemal  requirements  of 

*See  glossary  for  deflniti<ai  of  underlined  terms. 
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radiological  recovery  vlth  those  of  dosage  control.  Bach  ejgperiment 
Involved  the  full  scale  recovery  of  an  artificially  contaminated  built- 
up  complex  Including  buildings,  streets  and  grounds.  ISw  first  test. 
Complex  1,1  demonstrated  the  feasibility  of  a  full  scale  radiological 
recovery  effort.  Of  greater  significance,  however,  was  the  verification 
in  principle  of  Lee’s^  approach  to  recovery  planning.  The  second  test. 
Complex  11,1  crystallzed  these  principles  Into  an  Improved  recovery 
planning  procedure.  (Die  worth  of  this  procedure  for  planning  to  a  safe 
dose  limit  was  established  by  the  experimental  evidence. 

A  third  test.  Complex  IH,  was  performed  to  measure  critical  plan¬ 
ning  variables  and  related  factors  leading  to  a  more  refined  recovery 
planning  procedure.  During  this  experiment  tighter  control  was  maintained 
over  the  various  reclamation  methods  than  was  previously  possible.  Tech¬ 
nical  improvements  In  the  radiation  detection  systems  Is^troved  the  accu¬ 
racy  of  the  data  and  broadened  Its  coverage. 


1.2  OBJBCTIVBS 

CoD^lex  in  had  the  following  objectives: 

a.  To  obtain  a  more  precise  measure  of  those  factors  pertinent  to 
effective  planning  (shielding  factors,  contribution  factors,  and  dose 
reduction  factors). 

b.  To  deteimlne  the  overall  cost  and  performance  of  a  target  com¬ 
plex  recovery  operation  (in  terms  of  reclamation  effectiveness,  effort, 
rate  and  dose.) 

c.  To  measure  the  removal  effectiveness  by  weathering  and  evaluate 
Its  contribution  to  the  total  recovery  of  the  target  complex. 

d.  To  observe  the  effect  of  heavier  mass  loading  upon  the  perform¬ 
ance  and  results  of  radiological  recovery. 


1.3  REPORT  PIAN 

In  meeting  the  above  objectives,  the  Coiig)lex  HI  test  results  may 
appear  to  be  unrelated.  However,  the  results  all  contribute  toward  the 
improvement  in  the  radiological  recovery  planning  procedure.  In  order 
to  conserve  space  and  because  it  is  described  in  the  Complex  I  and  II 
report,  the  recovery  planning  procedure  has  been  omitted  from  the  Congilex 
IH  report.  Instead,  sufficient  theory  associated  with  the  planning 
procedure  has  been  Included  where  necessary  to  permit  eui  understanding 
of  the  findings. 
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Chapter  S  presents  the  radiological  conditions  slnulated  and  the 
experimental  details  necessaiy  to  conduct  an  ej^rloent  of  this  size, 
nie  properties  of  the  fallout  simulant,  including  a  description  for  its 
production  and  dispersal  technlq,ues  are  described. 

Chapter  3  ~  Results  and  Discussion  -  covers  four  main  topics.  In 
the  first  section,  Time  and  Motion  Studies,  em  analysis  is  made  of  those 
factors  found  to  affect  manpower  requirements  and  reclamation  method 
efficiency  -  two  important  aspects  of  recovery  planning. 

The  second  section  is  entitled  Dose  Rate  Reduction.  Curves  of  dose 
rate  versus  time  demonstrate  the  reduction  in  the  radiation  fields  (at 
different  locations  within  the  complex)  due  to  the  migration  and  removal 
of  the  fallout  simulant  by  wind  action  and  recovery  effort.  Conparlsons 
of  the  reduction  effectiveness  of  these  two  processes  are  made  as  a 
function  of  surface  typo.  This  information  is  valuable  in  improving 
future  dose  predictions  and  also  in  selecting  effective  reclamation 
methods . 

The  third  section,  Recovery  Dose,  presents  the  concept  for  comput¬ 
ing  expected  dose  to  recovery  personnel.  Derivations  of  dose  reduction 
factors  are  given  together  with  tables  of  the  actual  factors  for  a  num¬ 
ber  of  reclamation  method  to  surface  combinations.  This  ability  to 
estimate  gamma  dose  to  recovery  crews  is  a  critical  requirement  in  the 
planning  procedure. 

The  subject  of  Radiation  Contributions  is  treated  in  the  fourth  and 
last  section  of  Chapter  3*  An  improved  system  for  calculating  contribu¬ 
tion  factors  is  given.  These  factors  are  conpued  with  measured  contri¬ 
butions  to  demonstrate  the  validity  auod  accuracy  of  the  system.  The 
capability  for  obtaining  reliable  contribution  factors  is  extremely 
important,  since  it  forms  the  basis  for  edl  estimates  of  such  planning 
values  as  the  tsurget  shielding  factor,  dose  reduction  factors  and  re¬ 
covery  effectiveness  values. 


CHAPOER  2 

ESCPERIMElim  Dmilfi 


2.1  BADIOIOaiCAL  (X)in}Z!IIC»IS 

Complex  III  slnnilated  the  recovezy  of  a  target  complex  subjected  to 
the  Idealized  radiological  conditions  listed  In  Table  2.1.  nie  condl> 
tlons'*  shown  vere  based  on  calculations  made  by  Miller^  in  his  develop* 
ment  of  a  fallout  model  for  land  surface  detonations. 

Simulated  fallout  (radlotraced  silica  peortlcles)  vas  deposited  on 
the  non-vertical  surfaces  of  the  target  complex.  The  total  area  thus 
covered  contained  Just  over  3  acres  of  building  roots,  streets,  lavns, 
valks  and  fields.  The  average  amount  of  material  deposited  on  each 
square  foot  vas  governed  by  the  chosen  standard  Intensity.  Tttble  2.1 
indicates  that  for  the  14IT  veapon  yield  and  distance  Involved,  a  fall¬ 
out  deposit  of  90  g/ft^  would  give  an  H+1  hr  Intensity  of  2700  r/hr,  at 
3  ft  above  the  surface.  If  the  wind  vere  19  aqph  and  essentially  uni¬ 
directional  at  all  altitudes  through  which  the  particles  fall,  this 
standard  Intensity  (and  mass  loading)  would  be  found  at  a  distance  of 
33  miles  downwind  from  the  point  of  detonation.  The  ejg^ierlmental  con¬ 
ditions  for  Complex  I  and  U  are  also  given  In  Table  2.1  for  coaparlson. 

The  selection  of  the  silica  grain  sizes  used  in  the  fallout  simu¬ 
lant  was  based  on  the  assumed  weapon  yield,  wind  velocity,  and  the  dis¬ 
tance  from  the  e^qplosion.  The  largest  particles  arriving  would  be 
about  3^  U  (0.0137  in.)  in  diameter,  and  the  smallest  about  190  u 
(0.0099  in.).  The  first  ones  would  arrive  at  about  I.9  hr  after  the 
detonation  and  the  last  at  about  2-3A  most  rapid  rate  of 

deposition  between  2  to  2-1/4  hr.  As  the  particles  accumulate  on  the 
area,  the  gamma  radiation  rate  would  Increase  gradually  with  time  until 
it  reached  a  maximum  level  of  jdO  r/hr  at  about  2-l/k  hr  after  det(»ation, 
and  from  then  on  would  decrease  due  to  radioactive  decay.  The  doae  rate 
bulld-t;q?  and  decay  predicted  from  NlUer'a  model  are  shown  in  fig.  2.1. 

4gee  Appendix  A  for  a  derivation  of  these  conditions  from  criteria 
eatabllahsd  in  Ref.  3* 
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Tbble  2.1 


Assutaed  Radiological  Conditions  for  a  land-Surface  Burst 


Complex  III  Complex  I  Complex  II 


Weapon  yield  (KT) 

Distance  downtknd  (miles) 
Standard  intensity  (r/hr) 

Rnllout  arrival  time  (hr  sifter 
burst) 

Fallout  cessation  time  (hr  after 
burst) 

Maximum  particle  size  (microns) 
Minimum  particle  size  (microns) 
Nominal  mass  loading  (g/ft^) 


1000 

1000 

100 

33 

1|0 

13 

2700 

2000 

1000 

1.5 

1.75 

0.7 

2.75 

3.25 

1.1 

350 

320 

500 

150 

150 

275 

90 

50 

30 

The  e^qperlments  were  done  in  a  temperate  climate,  and  the  data 
collected  is  restricted  to  these  conditions.  Other  climatic  conditions, 
such  as  freezing  teo^eratures,  snovr,  or  large  amounts  of  rain  vould 
greatly  alter  recovery  in  terms  of  expected  reclamation  effectiveness 
and  effort  expended. 


2.2  TEST  SITE  CONDITIONS 

The  t8u:get  complex  site  utilized  for  Complex  I  and  II  again  served 
as  the  test  site  for  Ccn^lex  HI.  Figure  B.l  (Appendix  B)  shows  the 
location  of  the  target  complex  in  relation  to  other  facilities  used  at 
Camp  Barks  in  this  experiment.  Figure  B.2  shows  the  layout  of  the 
target  conqplex  area  and  the  location  of  the  fixed  remote  area  monitor¬ 
ing  system  (RAMS).  Descriptions  of  the  various  c(mnponente  are  given  in 
Thble  2.2. 

The  size  and  configuration  cf  the  target  congilex  area  vez«  the 
same  as  for  Complex  II.  Hcwever,  additional  sidewalks  were  constructed 
behind  buildings  J72  and  J73,  additional  lawns  were  planed  around 
building  ^73  and  the  Voll^ball  Court  was  taken  out  and  made  part  of  the 
Bast  land  area.  Flguxws  2.2  and  2.3  show  the  various  ccogtonents  of  the 
coo^lex. 


0 


LIE 

1  2  3  4  5  6 

TIME  AFTER  DETONATION  (HR) 


Fig.  2.1  Dose  Rate  Build-up  and  Deoay  -  33  Miles  Fron  s  1  MT  Burst  st 
3  Fast  Above  tbs  Ground 
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TSkBIS  2.2 


Target  Complex  Conqponents 


Con^onent 

Size 

(ft2) 

Description 

Bldg.  570 

2,700 

Tar  and  gravel  roof;  single  story,  light 
vooden  frame  supply  building. 

Bldg.  571 

2,700 

Tar  and  gravel  roof;  single  story,  light 
vooden  frame  supply  building. 

Bldg.  572 

2,700 

Tar  and  gravel  roof;  single  story,  light 
vooden  frame  supply  building. 

Bldg.  573 

5,830 

Tar  and  gravel  roof;  two  story,  wooden 
frame  BOQ  quarters. 

10th  St 

lU,l85 

Asphaltic  concrete  street.  32  ft  wide; 
concrete  curbs  on  both  sides. 

Hamilton  Ave. 

13,230 

Asphaltic  concrete  street.  32  ft  wide; 
concrete  curbs  on  both  sides. 

Plaza 

29,820 

Large  asphalt  paved  area.  New  2  in.  top¬ 
ping  of  asphalt  paving. 

Barking  Strips 

7,525 

Various  asphalt  paved  parking  strips  and 
loading  areas  near  buildings. 

Terrace 

21,330 

Large  cultivated  sloping  land  area  behind 
bldgs  572  and  573. 

East  Field 

16,940 

land  area  east  of  complex.  Cultivated 
and  harrowed. 

Lawns 

13,550 

Lawns  planted  around  buildings.  New  sod 
not  deeply  rooted. 

Planter  Beds 

2,130 

2-3  ft  wide  planting  areas  between  side- 
waliLS  and  buildings. 

Sidewallcs 

3,720 

Portland  cement  and  asphaltic  concrete 
sidewalks  around  buildings. 

141,360 

PlG.  2.2  View  of  Uareet  Cciaplex  Looking  West 


Pig.  2.3  View  of  Target  Coraplex  Looking  East 


2.3  OEERATiaiAL  SCXDEE 

The  experiment  consisted  of  foiir  distinct  phases,  namely;  pre- 
plannins  and  preparation,  simtilant  production,  dispersal  of  simulant, 
weather inc  and  recovery.  Startinc  with  the  pre-planning  and  the  pre¬ 
paration  of  facilities  to  the  final  stages  of  recovery  the  experiment 
extended  over  a  three  month  period.  Included  in  this  period  was  the 
training  of  enlisted  personnel*  in  the  techniques  of  radiological  re¬ 
covery. 


2.1^  FALLOUT  MATERIAL 

A  dry  fallout  simulant,  consisting  of  sized  sand  particles  tagged 
with  a  radioactive  tracer,  si^mlated  fallout  resulting  from  the  radio¬ 
logical  conditions  hypothesized  in  Section  2.1.  For  the  test  applica¬ 
tion,  it  was  unnecessary  to  duplicate  or  simulate  all  of  the  properties 
of  real  fallout.  However,  the  measurement  and  control  of  four  critical 
fallout  properties  were  required: 

a.  llass  per  unit  area  as  related  to  standard  intensity. 

h.  Size  distribution. 

c.  Particle  density. 

d.  Insolubility  of  tracer. 

Tl'ic  radiotracer  provided  a  means  of 

a.  Verifying  the  initial  inass  levels  of  fallout. 

b.  Following  the  effects  of  weathering  on  the  dose  rate. 

c.  Determining  the  final  levels  of  contamination. 

d.  Measuring  actual  gamma  dosage  to  recovery  crews. 

The  specific  activity  used  had  no  special  significance,  but  was  suffici¬ 
ently  high  to  yield  easily  measurable  radiaticm  rates  after  the  effects 
of  weathering,  recovery  and  decay. 

It  shotild  be  pointed  out  here  that  no  attempt  was  made  to  create 
r/hr  radiation  fields  experimentally.  Altho:;:gh  particle  sizes  and  mass 
loadings  were  achieved,  radiation  levels  were  held  to  100  mr/hr  or  less 
for  obvious  reasons  of  safety.  It  is  Interesting  and  important  to  note 
that  Bal^O-La^^®  (the  Isotope  used  as  the  tracer)  contribute  about  6$  5^ 
of  the  gamma  dose  from  rrnu  ftiHilinn  products  at  about  the  same  time 
after  fission  that  is  postulated  in  this  experiment.  It  follows  that  all 
findings  related  to  gamma  ray  properties  (e.g.,  dosage  and  attenuation) 
^osely  approximate  those  from  real  fallout. 

*Prora  the  Construction  Battalion  Center,  Port  Huenerae,  Calif. 
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Tlae  preparation  and  use  of  fallout  simulant  consisted  of  the  follow- 
inc  phases;  (l)  hot-cell  processing  of  the  isotope;  (2)  sieving  the  hulk 
carrier  material  (sand);  (3)  tagging  the  sand  vith  the  radiotracer;  (4) 
dispersing  the  resultant  fallout  simulant;  and  (5)  conducting  radioactive 
analyses  of  samples  talcen  from  this  same  material.  A  resume  of  these 
phases  follows. 


2.4.1  Isotope  Procurement  and  Processing 

l4o  l4o 

The  radiolsotopie  Ba  -la,  was  used  as  the  tracer  in  the  fall¬ 
out  simulant.  The  required  quantities  of  the  radiobariura-l40  were 
obtained  from  tlie  Los  Alamos  Scientific  laboratory  and  transported  via 
air  to  the  test  site  in  an  uraniiun  shipping  container.  One  thousand 
curies  of  (with  1200  curies  of  Lal40  daughter)  were  received 

as  nitrate  salts  combined  with  inactive  barium  nitrate  carrier.  The 
radioisotopes  were  further  processed  in  a  hot  cell. 

l40  l40 

When  the  parent -daughter  mixture  of  Ba  -La  reaches  equili¬ 
brium,  over  90  of  the  TOtential  gamma  radiation  exposure  is  contri¬ 
buted  by  the  daughter  La^'^.  To  avoid  this  potential  exposure  during 
the  production  of  the  fallout  simulant,  the  La^^O  was  chemically  separ¬ 
ated  from  the  Bal^O  within  the  confines  of  the  hot-cell.  Thus  the 
radioisotope  solution  prepared  for  the  tagging  of  the  sand  contained 
only  Bal40  (representing  less  than  10  $  of  the  potential  gansna  dose 
rate).  However,  prior  to  dispersal  and  the  start  of  the  experiment, 
the  fallout  simulant  material  was  stored  for  ten  days  to  pemlt  the 
l£tl40  to  reach  equilibrium  with  the  Ba^^®  and  thereby  avoid  ambiguity 
in  the  radiation  measurements. 

2.4.2  Bulk  Carrier  Material 


Commercial  Monterey  sand*  was  obtained  for  use  as  the  bulk 
carrier  material.  To  provide  the  particle  size  range  conforming  with  the 
assumed  fallout  conditions,  it  was  necessary  to  fiurther  sieve  the  mat¬ 
erial.  Tlie  150  to  350  bulk  carrier  was  separated  from  the  //60  Del  Monte 
sand  by  a  single  pass  through  a  NoVo**  screening  machine  equipped  with 
a  -48  mesh  screen  (297  U  openings).  The  original  particle  size  distri¬ 
bution  of  the  commercial  sand  and  the  selected  particle  size  is  given 
in  Table  2.3> 


*  Obtained  from  Del  Monte  Properties  Co.,  Sand  Department,  600  Market  St., 
San  JVanclsco,  Calif. 

**IIoVo  Division,  Industrial  Enterprises  Inc.,  9705  Cottsige  Grove  Ave., 
Chicago  28,  Ill. 
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2.4.3  Production  of  Fallout  SimuiAnt 


The  tagging  of  the  bulk  carrier  material  with  the  radlobarlum>l4o 
was  accomplished  in  modified  l4-ft3  concrete  mixers.  First  a  300-lb 
batch  of  the  sieved  sand  was  placed  into  a  mixer.  The  prepared  radio- 
barium  solution  was  then  pumped  from  the  hot  cell  to  a  nozzle  mounted 
in  the  rotating  mixer  and  sprayed  onto  the  sand  particles.  To  obtain 
the  specific  activity  necessary  for  adequate  Instrument  response  to 
gamma  radiation,  approximately  30  curies  of  Ba^^  were  sprayed  onto 
each  300-lb  batch  of  sand.  A  solution  of  water  glass  (sodium  silicate) 
was  then  sprayed  onto  the  tagged  particles  to  coat  the  sand  particles 
with  an  average  thickness  of  a  few  microns.  The  batch  was  dried  in  the 
mixer  by  forced  draft  hot  air. 

After  drying,  the  tagged  sand  was  transferred  into  stainless  steel 
pans,  placed  into  a  gas  fired  refractory  lined  furnace,  and  fired  for 
1  hour  at  lOOO^C  to  fuse  the  silicate  coating  and  thereby  seal  in  the 
radionuclides.  After  cooling,  each  300-lb  batch  of  tagged  sand  was 
transferred  to  a  holding  hopper  and  stored  for  the  ten  day  aging  period 
as  explained  in  Section  2.4.1.  laboratory  leaching  experiments  in  water 
on  samples  of  the  tagged  sand  indicated  less  than  0.3  ^  leaching. 

After  the  aging  period,  each  300-lb  batch  of  tagged  sand  was 
blended  in  a  transit  mix  truck  with  3300  lb  of  inert  sauad  having  the 
same  particle  size  distribution.  This  7-to-l  dilution  produced  the 
required  specific  activity  (approximately  9  lic/g  at  start  of  dispersal). 

2.4.4  Radioactivity  Analysis 

A  sample  from  each  300-lb  batch  of  fallout  simulant  was  analyzed 
to  determine  the  specific  activity  of  the  dispersed  material.  The 
material  collected  in  the  sampling  pens  was  also  counted  to  determine 
final  specific  activity  and  the  uniformity  of  blending  the  tagged  with 
the  \uitagged  particles.  Table  2.4  lists  the  data  obtained  fran  these 
analyses.  It  can  be  seen  that  the  specific  activity  was  sensibly  con¬ 
stant  throughout  the  production  and  dispersal  phases. 

Decay  measurements  taken  on  an  aliquot  of  the  radiobariura  solu¬ 
tion  verified  the  Bal40  rate  of  decay  over  the  period  of  the  e:^eriment. 
Decay  correction  factors  for  all  gamma  measurements  were  therefore  based 
on  a  12.8  day  half  life. 
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TABLE  2.U 

Specific  Actlvlty*of  Fallout  Simulant 


Hopper 

No. 

Low  Oeoeietty  SeintlUatlon  Counter 

4*  Ion  CliMlMr 

tc/m/gj 

iMc/g) 

(Ifi-y  m/g) 

Prior  to  DleserMl 

9 

l66> 

8.52 

436 

8.83 

7 

1900 

9.75 

494 

9.78 

6 

isso 

9.50 

472 

9.34 

? 

1830 

9.39 

4St 

9.19 

k 

1700 

8.72 

481 

9.13 

3 

1680 

8.52 

424 

8.39 

2 

1000 

9.2i^ 

455 

9.01 

1 

lAo 

8.te 

432 

8.55 

Averege 

9.01 

9.00 

Tkrget 

Coaqiionenti 

Iioeetlon  of 

An  Saii9lea 

Ho.  at 
Seoplea 

Iicw  OeoaMtiy  SelntiUntlon  Heea  Unit 

Counter  Londlns  Activity 

le/»/«)  (Mo/g)  (g/ft*  (Mo/ft^ 

Aft«r_Sls{wwl 


Roofe 

BMg  570 

8 

1750 

8.97 

92.5 

828.0 

571 

8 

1870 

8.56 

103.2 

883.0 

572 

8 

1700 

8.72 

95.9 

838.0 

573 

10 

1680 

8.51 

96.7 

^.0 

Orounde 

I«m  570 

9 

1870 

9.59 

98.0 

921.0 

iKim  571 

4 

1890 

9.69 

81.0 

785.0 

lark'g  stripe  571 

12 

1730 

8.87 

93.0 

825.0 

Inm  572 

8 

1830 

9.38 

78.4 

717.0 

lark'g  etrlps  572 

2 

1740 

8.92 

87.0 

597.0 

I«m  573 

8 

2080 

10.58 

99.0 

1048.0 

Walk  573 

17 

176b 

9.02 

58.0 

505.0 

Fields 

Ekist  Field 

18 

1890 

9.68 

84.0 

8l4.0 

Terrace 

12 

1811 

9.29 

97.0 

902.0 

Aivanents 

10th  St 

24 

1700 

8.72 

111.0 

967.0 

H.  Hamilton 

12 

1800 

8.20 

98.0 

803.0 

S.  Hamilton 

12 

1590 

0.15 

105.0 

855.0 

N.  Plaza 

12 

1670 

8.58 

103.0 

882.0 

C.  Plaza 

12 

1800 

9.23 

79.0 

729.0 

S.  Plaza 

12 

lOO 

8.40 

108.0 

907.0 

Weighted  Averages 

9.00 

95.0 

854.0 

•peddle  aeilvltles  decayed  to  a  connon  tlae  of  0001  hr  on  IHO  di^TT 


2.5  DZSXCRSAL  OP  FAUOUT  SMJIANT 


The  synthetic  fallout  vas  dispersed  on  the  large  paved  and  unpaved 
areas  by  means  of  a  Burch  I^dron  Spreader.  !Bie  spreader  vas  mounted  on 
the  rear  of  a  2-1/2  yd3  dump  truck  and  vas  fed  from  a  hopper  which  had 
a  capacity  of  3000  lb.  Raising  the  truck  bed  delivered  the  sand  to  the 
spreaderj  and  a  positive  displacement  feed  roll  dispersed  the  fallout 
simulant  in  an  8-ft  wide  path. 

Hand-pulled  garden  sjareaders  were  used  to  disperse  the  fallout 
simulant  on  all  roofs,  lawns,  sidewalks,  and  other  areas  where  the  dun® 
truck  could  not  be  tised.  The  spreaders  had  a  hopper  capacity  of  200  lb 
of  and  a  spreading  width  of  23  in.  Each  spreader  was  calibrated 
to  disperse  the  desired  amount  of  material  for  a  given  hopper  slot  set¬ 
ting  and  forward  speed.  Several  spreaders  usually  were  operated  in 
tandem,  paced  by  one  spreader  equipped  with  a  tachcmeter. 

Representative  samples  of  the  simulant  were  collected  in  shallow 
pans  placed  Just  prior  to  the  dispersal  of  a  given  area.  From  the 
weight  of  each  sanqple  and  the  area  of  the  pans  (1.22  ft 2)  the  average 
amount  and  concentration  of  material  vas  determined*  A  total  of  31^800 
lb  of  fallout  simulant  were  dispersed.  Table  2.5  gives  the  amount  and 
concentration  of  synthetic  ^llout  material  dispersed  on  each  component 
surface  as  determined  by  means  of  the  sampling  pans. 

An  aveiage  mass  loading  of  95  was  dispersed  over  the  entire 

complex  area.  Tliis  resulted  in  an  average  unit  activity  of  0.85  mc/ft'^ 
which  created  initial  radiation  levels  of  100  rar/hr  at  a  height  of  3  ft. 


2 . 6  INSTRUMEtlTATCOIT 

The  measurements  req.uired  to  fulfill  the  objectives  specified  in 
Section  1.2  were  obtained  with  tlie  following  types  of  instruments; 

a.  laboratory  gamma  radiation  counters. 

b.  Fixed  remote  area  monitoring  system. 

c.  Portable  radiacs. 

d.  Meteorological  instruments. 

e.  Topographical  survey  instruments. 

A  brief  description  and  usage  of  each  type  of  instrument  follows: 

2.6.1  Laboratory  Oanma  Radiation  Counters 

The  specific  activities  shown  in  Table  2.4  were  measured  with 
the  two  types  of  counters  described  below.  The  first  instrument  counted 


IMBlfi  2.? 


Amount  and  Concentration  of  Vlalloat  Simulant  Dispersed 


Component  and  Locatloi 

Area  Amount 
(ft2)  (lb) 

Average  Hass  Loading 

(g/ft2) 

Roofs:  Bldg.  ^70 

571 

572 

573 

2,700  550 

2,700  613 

2,700  570 

5.830  1.2l»0 

92.5 

103.2 

95.9 

Sub-totals 

13,930  2,973 

97 

Vtd  avg' 

Grnds*  Bldg  570 

571 

572 

573 

8,319  1,760 
9,202  1,800 
7,258  1,180 

7,909  1,270 

96 

85 

74 

J1 

Sub -totals 

32,688  6,010 

84 

Wtd  avg 

Fields:  East  Field 

Terrace 

16,180  2,990 

21.330  4.563 

84 

JH 

37,510  7,550 

92 

Vtd  avg 

Pavements:  10th  St 

Hamilton 

Plaza 

14,185  3,470 
13,230  2,970 

29.820  8.880 

111 

102 

100 

Sub -totals 

57,235  15,320 

103 

Wtd  avg 

Grand  Totals 

141,361  31,800 

95 

Vtd  avg 

*IneluAM  iMm,  Ms,  valks  and  parking  strips. 
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a  layer  of  simulant  spread  over  a  seunpllng  pan.  nie  second  Instrument 
counted  a  mass  saji^le  (nomlnalHy  10  g)  confined  In  a  test  tube. 

(a)  Low  Geometry  Scintillation  Counter 

This  instrument  emplqyred  a  Nal  crystal  scintillation  probe 
which  could  be  Inserted  Into  a  specially  constructed  cave  assembly. 

The  cave  accaomodated  samples  as  large  In  area  as  288  square  Inches. 

It  consisted  of  a  hollow  cubodlal  lead  and  steel  shield  with  outside 
dimensions  of  20  x  2^  x  26  inches.  Inside  dimensions  were  l6  x  18  x  2U 
Inches.  The  detecting  surface  of  a  2-ln.  long  x  2>ln.  diameter  sodium 
Iodide  crystal  scintillation  probe  (Nuclear  Chicago,  Model  05-^)  was 
placed  approximately '21  In.  above  the  center  of  the  cave  floor.  A 
Nuclear  Chicago  Model-l83B  scaler  was  coupled  to  the  probe  unit. 

(b)  4-pl  Gemma  Ionization  Chamber 

This  instrument  Is  an  argon-filled  (600  psig  at  70°?)  steel 
Ionization  chamber  11  in.  In  diameter  x  l4  in.  high.  It  Is  shielded 
with  3  in.  of  lead  and  has  a  re-entrant  sample  thimble  1-3/4  in.  I.D. 

X  12  In.  deep.  Current  produced  In  the  chamber  by  ionizing  radiation 
was  applied  to  suitable  lead  resistors.  The  resultant  voltage  drop 
drove  a  plate  difference  suaplifier  and  was  read  out  on  a  microammeter. 

2.6.2  Remote  Area  Monitoring  a^stem  (RAMS)* 

The  RAMS  system  was  employed  to  obtain  a  continuous  gamma  dose 
rate  history  during  the  w«itherlng  phase  of  the  experiment  at  20  pre¬ 
selected  fixed  locations  In  the  target  complex.  The  system  consisted  of 
20  remote  ion  chambers,  two  power  supplies  and  control  panels,  and  20 
station  unit  panels.  An  Instrument  trailer,  located  outside  of  the 
target  complex  area,  contained  the  control  panels  and  a  20-channel 
multipoint  Brown  recorder.  Tbe  latter  provided  a  contlnucus  record  of 
the  gamma  dose  rate  history.  Appendix  C  lists  the  RAMS  data  taken  dur¬ 
ing  the  experiment.  All  detectors  were  mounted  three  feet  above  paved 
and  unpaved  sujrface  and  floor.  The  ten^erature  dependence  of  the  RAMS 
system  encountered  during  Complex  I  and  II  ms  eliminated  In  Conqplex  HI 
through  an  NRDL  modification  of  the  system.4  Figure  2.4  shows  a  detector 
station  on  the  Flaza  and  Fig.  2.5  shows  one  in  bldg.  573*  locations 
of  the  20  stations  in  the  target  cooplex  are  shown  in  Fig.  B.2. 

2.6.3  Portable  Hadiacs 

Portable  radlacs,  AN/PDR-27C  and  the  CP  3  IM  (Cutle  Pie)  were 
vcsed  to  obtain: 

^^ote  Area  k<mitoring  System  (RAMS)  manufactured  by^ordaaidNaMnilRIT 
Alhambra,  Calif. 
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Tig.  2. 


5  RAMS  Stations  9  and  10  Bldg  573 
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a*  Qaniiia  radiation  aeasurenents  during  the  sequential  contamina¬ 
tion  of  the  target  eon^lex. 

b.  Oanna  dose-rate  history  of  the  recovery  crevs  during  the  re¬ 
covery  of  the  target  complex. 

During  the  veatherlng  phase,  the  portable  radlacs  vere  also  used 
to  obtain  periodic  ganoB  radiation  measuranents  at  each  BANS  station  to 
provide  back-up  data  In  the  event  of  a  BAK8  station  failure.  Appendix 
D  lists  the  portable  radlac  survey  readings  taken  during  the  experiment. 

2.6.4  Meteorological  Measurements 

Meteorological  measurements  during  the  ejqperlment  Included: 

a.  Continuous  vlnd  speed  and  direction  data  at  four  locations  in 
the  coDq;)lex  area. 

b.  Continuous  ambient  air  temperature  data. 

c.  Precipitation  measurements. 

Wind  measurements  vere  made  vlth  the  Bendix  Fries  AM/Uliq-3C  vlnd- 
measurlng  set  which  Included  a  vlnd  direction-velocity  transmitter  and 
a  wind  direction-velocity  recorder. 

The  ambient  air  teiiq>erature  was  continuously  measured  with  a 
spring  wound  Taylor  thermograph  recorder.  A  plot  of  the  air  temperatures 
during  the  experiment  Is  given  in  Fig.  2.6. 

Precipitation  measvirements  vere  obtained  with  a  standard  rain  gage. 

2.6.5  Topographical  Survey 

The  target  coi^plex  area,  as  indicated  In  Thble  2.2  contained 
buildings,  land  areas,  paved  areas,  sldewalhs,  etc.,  presenting  surfaces 
of  many  geometries.  To  assist  In  the  coignxtatlon  and  analysis  of  dose 
rate  contribution  factors  from  the  various  surfaces,  a  complete  topo¬ 
graphical  survey  was  made  of  the  complex  area.  Figure  B.3  presents  the 
elevation  readings  at  various  locations  In  the  complex  area.  Elevation 
profiles  through  several  axes  of  the  target  conqplex  area  are  shown  In 
Figs.  B.4  through  B.6. 


2.7  RBCOVBa  OPERATIONS 
2.7,1  Extent  of  Becovery 

Following  dispersal,  the  fallout  simulant  was  allowed  to  weather 
In  place  for  233  hours.  On  the  morning  of  the  ninth  day  the  radiological 
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Fig.  2.6  Plot  of  Air  Totpoxmture  Durlog  VMttaerlng  and  Recovexy  Fliaae 
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recovery  of  the  target  complex  commenced.  This  recovery  operation  vas 
conducted  In  two  stages.  In  the  first  stage,  roofs,  pavements  euid  land 
areas  were  reclaimed  by  firehosing,  sweeping  and  burial  techniques. 

During  the  second  stage  lawns  were  reclaimed  by  soil  removal  methods, 
namely,  scraping  and  shoveling.  The  recovery  phase  of  the  test  schedule 
In  Thble  2.6  shows  a  detailed  breakdown  of  both  stages  giving  the  various 
reclamation  methods  and  their  approximate  working  times.  Pour  equip¬ 
ment  operators  and  eight  laborers  were  required  over  the  four-day  re¬ 
covery  phase. 

2.7.2  Reclamation  Techniques 

Prom  the  standpoint  of  their  basic  function  and  availability, 
fallout  reclamation  methods  are  quite  conventional.  However,  the  man¬ 
ner  In  which,  they  are  adapted  to  the  problem  of  displacing  fallout  is 
often  quite  specialized.  For  instance,  the  technique  of  removing  fall¬ 
out  material  by  firehosing  is  in  no  way  related  tothat  of  putting  out 
a  fire.  As  an  aid  to  prospective  users,  a  description  of  the  equipment, 
manpower  and  procedural  requirements  comprising  the  reclamation  methods 
employed  in  the  complex  experiment  follows. 

Burial  In  place  with  motor  grader.  Ordinarily,  burial  of  fall¬ 
out  in  place  is  easily  accomplished  by  plowing.  The  Terrace,  situated 
behind  buildings  572  and  573  (see  Pig,  2.7)  because  of  its  shape  and 
relatively  steep  cross  slope,  was  not  suited  to  this  method.  Therefore, 
a  motor  grader  was  used  to  reclaim  this  particular  target  component, 

A  four-step  procedure  was  devised  to  completely  bury  the  fallout  simu¬ 
lant. 


(1)  Simulant  from  the  upper  half  of  the  Terrace  was  bladed  into 
a  windrow. 

i2)  A  trench  was  cut  alongside  the  windrow. 

3)  The  contaminated  windrow  was  then  pushed  into  the  trench. 

U)  Clean  fill  from  the  trench  was  replaced  and  ccmqacted  on 
top  of  tte  spoil. 

This  whole  process  was  repeated  on  the  lower  half  of  the  Terrace  to 
complete  the  reclamation.  One  man,  the  grader  operator,  was  required. 

Mixing  In  place  with  rototiller.  In  order  to  get  a  comparison  with 
plowing  performance  observed  at  the  previous  complex  experiments,  the  land 
area  along  the  east  side  of  the  complex  (see  Pig.  2.7)  was  rototilled. 

The  rototiller  which  was  pulled  by  a  D-6  caterpillar  tractor  (see  Pig. 
2.8),  \fas  capable  of  making  a  swath  approximately  k  ft  wide.  It  mixed 
the  simulant  and  soil  to  a  depth  of  8  to  10  in.  The  action  of  the 
rototiller  was  controlled  entirely  by  the  tractor  operator. 
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TABLE  2.6 


Test  Schedule 


!kt« 

Day 

Action 

Surface  or 

Approx. 

Tima 

Location 

In 

Out 

SlBulAnt  Production  Ptes* 

9/22/61) 

ContUB.,  flx«  flrt  and  bland 

Bldg.  131 

0830 

aand  for  atoraea 

Bldg.  170 

• 

ISM) 

SlmSant  Dlawraal  n*aa 

10/5/60 

10/^60 

D.3 

ttuid  apraadara 

Bldg,  roof  a 

0910 

1630 

D-2 

Hand  apraadara  and 

UmO| 

0815 

- 

truck  apraadar 

plantara  and 
land  areaa 

• 

163a 

10/7/60 

D-1 

Truck  apraadar 

lavemanta 

0800 

1600 

VaatharlnK  Ftmaa  fvlnda) 

w/e/to 

IHO 

Official  atart 

Conplex 

0000 

. 

10/17/60 

D4-9 

Official  flnlah 

- 

0900 

Raeovary  Raaat  Staaa 

2 

10/17/60 

1H9 

Fowar  avaap  (lat  paas) 

Ikvwmt. 

0910 

1058 

Motor  gxada 

I.nme. 

Load  and  taaul  avpr*  apoll 

Va.t.  .rM 

1305 

ISkS 

lit09 

RototlU.  (atart  lat  paaa) 

Eut  fi.U 

1350 

flrahoaa  roof  a 

570,571  *  572 

i6ie 

10/18/&) 

D+10 

Pirahoaa  roof 

573  ' 

1118 

Siraap  ualka 

570,571,572 

0838 

0953 

Shoval  bada 

570,  571 

1031) 

1126 

Staoval  bada 

572 

1251 

1310 

HototlU  (lat  paaa) 

hit  fl.ld 

1253 

SS 

RototlU  (find  paaa) 

iMt  fUU 

1357 

amap  ualka 

573 

I3M 

Si; 

PaHar  avaap  (ted  paaa) 

sil 

Shoral  to  aaalat  rototlXl 

iMt  fltld 

lh2e 

toad  avaapar  apoll 

VMt. 

ttso 

lk55 

Notorfluah  parananta 

OttMt. 

lk5S 

Notorf  Xuah  paTinoDta 

ntm 

1633 

Flrahoaa  paraMOta 

Orlmaqr* 

1510 

16* 

10/19/60 

DfU 

Oaaap  aalka 

573 

0838 

0920 

Shoral  bada 

573 

0938 

1016 

Motor  fluah  pavoaanta 

Timm  ud 
Ikallton 

0^ 

1000 

Rceannr  Ptuct  8tom  2 

10/19/60 

IHU 

Serapa  lawna 

572 

1127 

Sboral  to  aaalat  aeraplap 

572-lams 

lh2h 

Shoval  lama 

571 

]iA7 

1129 

Lead  and  teul  aoll 

572 

1056 

U39 

Sarapa  lavoa 

572,573  sn* 
wst  fl.ld 

1237 

1625 

Shoval  lama 

570,  571 

12bO 

152k 

load  and  kaul  aoll 

571,  572,  573 

1237 

1521 

Shoval  to  aaalat  loading 

te-2 

ss 

1318 

Shoval  to  aaalat  aeiaplag 

573-laisiis 

1615 

Notw  Siada  lam 

571 

1500 

tead  and  toaol  aoll 

571,  573 

IW 

161k 

Sboatl  to  aaalat  loading 

571-l«nit 

1615 

Shoval  to  aaalat  aexapliig 

kst  lands 

1616 

1*6 

Shoval  to  aaalat  loading 

5r3-l«ms 

15IA 

1639 

10/20/60 

1K12 

Scxmpa  lam 

570 

oa* 

0932 

Shoval  to  aaalat  aerapinc 

570-l«ns 

obB 

OM 

OAk 

Loading  and  feaal  aoll 

Isnaes 

062fc 

Shoval  to  aaalat  loading 

10th  8t 

0825 

0925 

Load  and  haal  aoll 

10th  St 

OM 

0935 

Shoval  to  aaalat  loading 

Stnaes 

0839 

0935 

Load  and  laul  aoll 

510  lams 

0995 

1251 

Shoval  to  aaalat  loading 

570  Imms 

0909 

1208 

FoUea  vlth  aempar 

57D-]asM  and 
tsnmes 

1*5 

1208 

Shoval  to  aaalat  aeraplng 

Vsnnm 

ms 

1139 

Load  and  teul 

10th  St 

1215 

1256 

Shoval  to  aaalat  loading 

10th  St 

1287 

1256 

Load  and  teul  aoll 

STl-hads 

i|g8 

Shoval  to  aaalat  loading 

571-bads 
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TERRACE 


PUZA 


Fig.  2.7  layout  of  Target  Compfl 
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HTH  8T. 


INDICATES  BOUNDARY  OF  CONTAMINATED  AREA 


2.7  layout  of  Tkrget  Cooiplex 
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GENERAL  DIRECTION  OF 
NATURAL  DRAINAGE 


Pig,  2.8  RototilllnG  East  Field  Using  a  D-6  Caterpillar 


Fig.  2.9 


Initial  ReolBr,iation  of  Ilamilton  With  Wayne  (Model  14-50)  Sveepe 


Collactlon  and  rmowl  with  street  sveeper.  All  paved  areas  were 
swept  twice  by  a  ifayne  (Model  street  swee^r  (see  Pig.  2.9).  Except 
for  interruptions  to  emi^y  the  hopper^  sweeping  progressed  along  an 
orderly  pattern.  More  than  the  normal  nuaiber  of  trips  were  nade  to  the 
temporary  waste  collection  point  (just  beyond  the  complex)  to  prevent 
the  buildup  of  gamma  dose  rates  from  the  radioactive  simulant  in  the 
hopper.  Sweeper  spoil  was  later  trucked  to  a  permanent  disposal  site. 

One  man  was  required  to  operate  the  sweeper. 

Pis  lodgement  and  transport  with  wter  streams.  A  teeun  effort  was 
required  in  firekosing  the  ro^s  and  parking  strips.  The  firehosing 
operation  required  two  three -man  hose  teams  and  one  pump  tender  for  a 
total  of  seven  men.  Each  hose  team  manned  a  1-1/2  in.  firehose  deliver¬ 
ing  water  through  a  straight  tapered  (suicide)  nozzle  having  a  5/8-ln. 
tip.  A  500-gpm  pump  inserted  in  the  system  near  a  fire  hydrant  main¬ 
tained  a  constant  pressure  at  the  nozzle  of  approximately  75  psi  on 
roofs  and  80  psl  on  paved  areas.  A  2-1/2  in.  firehose  served  as  a 
delivery  line  to  the  I-1/2  in.  firehoses  at  the  area  being  decontar-iinated. 
Figure  2.10  depicts  one  hose  team  operating  on  bldg  573* 

For  a  given  roof  one  three-man  hose  team  was  adequate.  Starting 
at  one  end,  the  water  stream  was  directed  so  as  to  push  the  contaminant 
and  loose  gravel  from  the  roof  centerline  to  the  eaves.  Hie  team  worked 
dlsigonally  across  one  comer,  and  successive  strips  about  U  ft  wide  were 
swept  out  by  the  water  streams.  Upon  reaching  the  other  end,  the  team 
reversed  direction  and  firehosed  the  remaining  half  of  the  roof. 

The  procedure  followed  was  dictated  by  the  size  of  the  roofs,  i.e., 
the  width  of  the  roofs  (26  to  3^  ft)  limited  the  direction  of  travel  by 
the  firehosing  teams.  EV5r  broader  roof  areas  it  would  be  advantageous 
to  push  the  contaminant  in  a  direction  normal  to  the  eaves,  thereby 
reducing  the  distance  of  travel  between  centerline  and  eaves  by  30 

Firehosing  of  parking  strips  was  conducted  in  a  straightforward 
manner.  Thking  advantage  of  the  natural  drainage,  water  streams  were 
employed  to  push  the  simulant  material  onto  the  streets  and  the  Plaza, 
where  it  cculd  be  later  removed  by  other  methods,  i.e.,  sweeping  and 
flushing . 

Dlslodgement  and  transport  with  street  flushers.  Following  the 
second  sweeping  pass,  the  paved  areas  were  given  a  final  cleaning  with 
a  conventional  street  f lusher  (see  Fig.  2.11).  Hie  f lusher  was  equipped 
with  a  2100-gal  tank,  a  500-gpm  pump,  and  two  forward  and  two  side  dis¬ 
charge  nozzles. 
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n^.  2.10  FlrabMlng  Ihir  and  Ovaval  Roof  of  BulUlng  573 


Fig.  2.11  Fiotl  Recluatiai  of  10th  St  With  Convantiooal  Street  Flueher 


SaeoMtful  rtclftlop  tgr  ttrMt  flusblag  dtpmds  upon  tho  onro- 
fttl  nd^tMDt  of  tte  foxwrd  nonslo  ttroHM.  Hmm  unrn  antOhod  to 
posh  tbt  oiailHit  elonr  of  tb*  flutter*!  m  •  gradnr  blade  vould. 

One  elde  nocele  ene  eet  to  nupant  thle  blade  like  tteuet.  %  ueinp 
ttiree  of  tte  four  noeelee  in  thle  nanner  tte  evernge  flow  rate  vae 
tpa  and  tte  average  preaaure  uae  55  pel* 

te  taklag  advantage  at  tte  natural  drainage  of  tte  eonplMc  (aae 
fig.  2.7)*  eueeeBBive  fluater  paaaea  noved  tte  reeidual  eiaulant  naterlal 
froa  tte  atreete  to  tte  Plaaa*  Ihle*  together  vlth  tte  Plaia  reeidual* 
vae  aimiarly  fluehad  Into  tte  llguid  uaete  eunp*  Although  It  ie  Ideal 
to  have  eoneone  alee  aanlpolate  the  noaele  valve  levere*  tte  djrlver 
perfoxnad  tte  added  taake  unaaeletad. 

Suxftee  reioval  bar  eechanleed  eeranlng*  A  rubber-tired  tractor 
equipped  vlth  a  fagdrauilMlby  opmied  aon]^  (aee  fig.  2.12)  uae  ueed 
to  reelain  the  najorltgr  of  the  laen  areae.  The  naterlal  uae  eeraped 
Into  tte  atreet  for  later  removal  to  the  diapoeal  area.  In  addition  to 
the  tractor  operator*  one  to  four  men  vere  required  to  hand  ahovel  con¬ 
taminated  atrlpe  of  eod  left  alcaig  eurbe*  valka  and  foundatlone. 

Mleoellaneoue  nanual  taake. 

(1)  four  aen  avept  eiaulant  froa  the  ualka  Into  tte  flower  beds 
vlth  hand  broooe. 

(2)  four  nan  apaded  the  florer  beda  thua  burjrlng  the  alaulant. 

(3)  four  men  ahoveled  out  certain  latwn  areaanot  acceaalble  to 
the  acraper. 

Loading  Md  hauling  apoll  for  dlapoaal.  Aa  the  apoll  (a  mlxtuxe 
of  aoll*  aod  and  alaulant)  froa  t^  acraplng  and  ahovellng  procedures 
accumulated  on  the  paved  arMS*  it  was  loaded  into  trucks  auid  carried 
to  tte  permanent  waste  dlapoaal  site.  IquipBsnt  eaplogred  (see  fig.  2.13) 
was  as  follows: 

]l)  One  1-1/2  paarloader. 

,2)  One  3/^  yd3  eklploader. 

,3)  Two  2-1/2  yd3  dump  trucks. 

Besides  the  four  drivers  that  operated  the  above  rlga*  one  to  aix  shovel- 
men  assisted  tte  loading  and  policed  tte  work  area. 

for  a  more  thorough  coverage  of  reclamation  method  perfonmmce 
and  a  description  of  reclamation  equipment*  see  the  results  of  the 
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8tQn«na  tMt  sarlti  r«port«d  in  Rtfs.  6  tad  7.  Tho  bon  MIi  rsports 
on  ptrtlntnt  tests  eondueted  at  Osap  larfes  are  jreaantly  In  preparation.* 


*  D.  1.  dilaxky  V.  b.  flcfbUn.  RMoval  Rffeetlrenass  of  Slulatad  Bey 
fttUout  Itai  RsTtd  Areas  tgr  Motorised  and  Mseonslsod  Street  Sveeper. 

D.  I.  Clsrki  V.  C.  COfeMa.  RHOsal  IffeotlTeness  of  Slnulated  Dry 
Itdloat  froB  fared  Areas  ty  Motorised  Street  flusbsr. 
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CaUFKR  3 

RESUI/CB  AID  DISCISSIOV 


3.1  TIME  AMD  MOnOI  STUDIES 

Detailed  tine  and  fflotim  data  vex«  obtained  frca  Coniplex  HI  by*  re¬ 
cording  the  pertinent  actions  of  each  operator  or  crew.  The  results  are 
shown  in  Tables  3*1  and  3*2  in  terms  of  tine,  rate,  and  effort  for  each 
recovery  operation.  The  tiM  and  effort  values  have  been  split  to  shoe 
the  amount  spent  in  productive  vorh  and  the  amount  needed  for  support. 
Their  totals  are  given  in  the  columns  headed  "operational". 

Production  tine  (or  effort)  is  that  portion  of  the  operational  tine 
devoted  to  the  actual  dislodgement,  collection  auid  tratisport  of  fallout. 
Any  other  time  (or  effort)  spent  is  classified  as  support.  Since  support 
functions  add  to  the  operational  tine  without  contributing  directly  to 
the  productive  effort,  they  should  be  held  to  an  absolute  minimum.  Of 
the  122.8  nan-hrs  eigpended  during  the  complex  recovery,  over  16  or 
22.3  nan-hrs,  went  for  support. 

Table  3.3  lists  the  four  reclamation  methods  whose  support  functions 
accounted  for  9?  of  the  total  complex  support  effort.  Support  functions 
are  shown  in  parentheses  for  each  method.  The  first  three  columns  con¬ 
tain  the  total  times  consumed  by  each  method  in  productive,  s\:qn>ort  and 
cperational  effort,  respectively.  Colunn  4  indicates  the  decimal  frac¬ 
tion  of  the  operational  time  required  for  the  support  function.  Columns 
3  and  6  show  coeqparable  valuea  fros  the  two  previous  complex  experiments. 
The  average  of  columns  4,  3  and  6  is  gi-ven  in  column  7. 

Except  for  trucking  spoil,  the  support  time-fractions  of  Complex  IH 
are  in  reasonable  agreemmit  with  those  of  Complexes  I  and  H.  Apparently 
the  support  times  have  approached  the  mlnlnum  value,  unless  some  drastic 
change  is  made  in  eqjalpment  design.  In  the  case  of  trucking  spoil,  “the 
total  (opexational)  times  spent  for  Complexes  II  and  III  were  essentially 
the  same  (over  eight  hours).  Because  of  the  longer  route  used  in  Complex 
n,  the  hauling  time  was  36  $  greater  than  for  Complex  III.  Conversely, 
the  stand  around  and  loading  time  during  Complex  II  was  70  it  lass  than 
for  Complex  IH.  Thus,  using  a  shorter  route  had  no  effect  on  the 
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operational  tine.  Obviously,  an  extra  loader  would  have  shortened  both 
the  support  and  operational  tines. 

The  productive  reelsnation  rates  shown  In  Thbles  3.I  and  3*2  have 
been  averaged  for  each  idethod  and  listed  In  Table  3.4.  8ach  observed 
entry  1b  acconpanled  by  the  predicted  rate.  Results  and  experience 
from  CoaQ>lex  I  and  Conplex  II  form  the  basis  for  these  predicted  rates. 
Predicted  and  observed  rates  for  motor  sweeping,  flrehosing  (roofs), 
grading,  rototllUng  and  spading  (beds)  agree  fairly  well,  for  the  re* 
nalning  methods,  predicted  rates  were  consistently  higher  than  observed 
rates.  Such  optimistic  predictions  are  the  result  of  two  types  of  errors. 

The  first  “^pe,  a  planning  error,  stems  from  the  lack  of  Information 
needed  to  downgrade  known  test-rate  values  for  the  retarding  effects  of 
a  full  scale  recovery  effort.  The  second  type,  an  operational  error.  Is 
cjreated  by  last  minute  changes  in  manpower  assignments,  changes  in  recla¬ 
mation  procedural-techniq.ues,  and  unforeseen  ehsmges  In  the  physical 
environment. 

for  Instance,  the  rate  dlscrepsuicles  shown  In  Table  3*4  for  motor 
flushing  are  of  the  first  type.  That  la,  the  predicted  rate  was  not 
sufficiently  adjusted  for  tum-around  losses.  Time  required  to  drive 
around  the  block  or  back  up  (!;o  reposition  the  f lusher  for  successive 
deeming  passes)  was  much  greater  them  anticipated.  As  a  result,  ob¬ 
served  rates  were  proportionately  less  than  predicted,  l.e.,  by  33  snd 
30  %  for  streets  and  plaza,  respectively. 

An  error  of  the  second  type  appears  to  be  responsible  for  the 
extremely  low  rate  observed  for  flrehosing  of  parking  stripe  atnd  sweeping 
of  walks.  During  Complex  I  this  same  procedure  was  performed  ten  times 
faster  -  at  essentially  the  same  rate  predicted  In  Table  3.4  (20,000  ft^/hr). 
It  must  be  surmised  that  the  flrehosing  crew  was  unusually  deliberate  In 
the  perfoimance  of  this  particular  reclamation  process. 

Run-off  from  the  ectrlier  flrehosing  of  roofs  created  layers  of  mud 
and  wet  sand  on  much  of  the  walk  areas.  Haxid-sweeplng  of  the  walks, 
therefore,  was  augmented  by  considerable  scraping  with  hand  shovels 
a  slower  method  than  swemlng.  Jot  this  reawon,  the  observed  rate  for 
hand  sweeping  was  oixly  I/3  that  predicted. 

In  the  case  of  tzaetor-seraplng  lawns,  the  cbservad  rate  was  about 
l/2  the  predicted  value.  It  Is  possible  than  an  equipment  alteration 
was  responsible  for  this  loss  In  performance.  A  33-8i^  toss  containing 
water  was  lashed  to  the  scraper  blade  In  an  attempt  to  improve  the  cut¬ 
ting  action.  Although  successful  In  this  respect,  the  added  weight 
overloaded  the  hydraulic  power  unit.  As  a  result  the  response  between 
theUade  and  the  controls  for  raising  and  lowering  was  very  sluggish. 
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liiBIX  3A 

Cotniaizlson  of  Predicted  and  Observed  Reclamation  Rates 


Operation 

Rates  In  10 
Predicted 

ft®/hr 

Observed 

Rate  Basis 

Motor  Sweeping: 
let  pass 

53*0 

53.0 

per  machine 

2nd  pass 

53.0 

51.0 

Motor  Flushing: 
Streets 

60.O 

Ul.O 

per  machine 

Plaza 

60.0 

29.6 

Flrehoslng  Parking  Strips  20.0 

2.0 

per  nozzle 

Flrehoslng  Roofs 

3.0 

2.8 

per  nozzle 

Sweeping  Valks 

6.0 

1.2 

per  man 

Orader-Burlal 

10.0 

1^*.5 

per  machine 

RototllUng 

22.5 

25.4 

per  machine 

Tractor  scraping 

3.6 

1.9 

per  machine 

Shoveling  lawns 

0.28-0.k6 

0.16 

per  man 

Spading  beds 

0.30 

0.33 

per  man 

!Diis^  In  tum^  Increased  the  tliae  consumed  for  all  blade  adjustments  and 
thereby  reduced  the  expected  scraping  rate. 

The  '^predicted  rates  for  shoveling  lawns  were  based  on  a  six-man 
team  (4  shovels  and  2  wheelbarrows).  However,  only  four  men  were  even¬ 
tually  assigned  to  this  task.  Since  one  of  the  men  had  to  periodically 
Interrupt  his  shoveling  to  wheel  spoil  to  the  collection  point,  the 
shoveling  rate  suffered  accordingly. 

Ikble  3«S  coaqpeures  predicted  and  dbserved  values  of  time  and  effort 
for  the  Individual  reclamatim  methods  used.  These  values  are  condensed 
from  Tables  3*1  and  3.2.  The  same  types  of  errors  mentioned  In  connection 
with  estimating  rates  also  affect  time  and  effort  predictions.  Although 
a  nuoiber  of  the  paired  values  do  not  match,  the  totals  given  at  the 
bottom  of  Table  3.3  are  fuite  close.  The  total  predicted  time  of  17 
hours  is  within  7  ^  of  the  observed*  value.  Total  predicted  effort  is 

^>4fbe  hours  total  cbserred  time  is  an  adjusted  value.  It  eqpals 

the  total,  continuous,  recovery-time  of  23  hours  less  breaks  and  experi^ 
mental  delays. 
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17.00  18.25 


within  13  of  the  observed  value.  Thus,  In  the  aggregate,  the  effect 
of  individual  prediction  errors  appear  to  be  greatly  compensated.  How¬ 
ever,  the  totals  for  time  and  effort  still  reflect  the  tendency  for  op¬ 
timistic  prediction.  This  bias  is  probably  due  to  the  first  type  (plan¬ 
ning)  error  mentioned  earlier.  In  this  case,  more  complete  tlme-and- 
motlon  data  are  required  for  planning  corrections  to  existing  information 
on  the  test-performance  characteristics  of  reclamation  methods. 

The  bar  chart  of  Fig.  3«1  presents  an  overall  picture  of  the  re¬ 
covery  effort.  Showing  the  overlapping  and  concurrent  execution  of  the 
various  reclamation  procedures  in  this  way  demonstrates  the  value  of 
time  and  motion  requirements.  It  also  illustrates  the  sequence  of 
operations  and  emphasizes  the  extent  and  complexity  of  radiological 
recovery.  Reclamation  procedures  shown  below  the  dotted  line  in  Pig. 

3.1  comprise  support  tasks  which  were  necessary  to  recovery  but  did  not 
affect  the  established  sequence. 


3.2  DOSE  RATE  REDUCTION 

The  total  reduction  in  the  gamma  dose  rate  at  any  location  within 
the  complex  was  due  to  the  combined  effects  of  weathering,  reclamation 
and  radioactive  decay.  These  effects  were  recorded  at  all  20  RAMS 
stations.  In  addition  portable  radiacs  were  used  to  bbtain  comparable 
data  at  3  ft  above  all  building  roofs.  The  results  presented  here  show 
the  resolution  of  the  separate  effects. 

3.2.1  Target  Dose  Rate  History 

A  series  of  curves  depicting  dose  rate  as  a  function  of  time  was 
prepared  for  eight  of  the  major  target  components.  To  place  these  dose 
rate  histories  in  a  more  realistic  framework,  the  experimental  Bal^O-Lal^ 
mr/hr  measurements  were  converted  to  r/hr  fallout  intensities.  This  was 
accomplished  through  use  of  appropriate  fallout  decay  curves  dictated  by 
the  radiological  conditions  described  in  Table  2.1. 

The  conversion  may  be  expressed  mathematically  as 

'r  ■  (^1 

where  Ij.  =  converted  (r/hr)  intensity  after  weathering  or  recovery  at 
any  time  W 

Ix  =  converted  (r/hr)  standard  Intensity  decayed  to  the  time  t^ 
of  interest  -  from  fallout  decay  curve 
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Fig*  3*1  The  Recovery  Effort 
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ig  >=  Ba-La  decay-corrected  (mr/hr)  Intensity  measured  at  the  end 
of  dispersal  at  station  of  Interest 
ij.  =  Ba-La  decay -corrected  (mr/hr)  intensity  measured  after 
veathering  or  recovery  at  time  tx 
S  =  shielding  reduction  factor  for  entire  complex  reference 
station  of  interest. 

Product  Six  =  ■tlie  shielded  standard  Intensity  decayed  to  time  tx* 

Ratio  ir/^-c  =  'the  reduction  in  dose  rate  due  to  weathering  and/or 
recovery. 

In  converting  the  measurements  obtained  with  either  the  RAMS 
system  or  the  radiacs,  the  Intensity  ig  in  Eq.  1  was  set  equal  to  the 
ratio  105/S;  where  1D5  mr/hr  was  the  intensity  measured  at  the  end  of 
dispersal  at  Station  19*  (This  is  the  station  nearest  to  the  center  of 
the  complex  which  was  established  as  the  reference  location  for  the  fall¬ 
out  conversion) .  That  is  I05/S  mr/hr  was  taken  to  be  directly  propor¬ 
tional  to  the  670  r/hr  value  read  off  the  theoretical  fallout-model 
decay-ciarve  at  time  of  fallout  cessation  (2.75  hr) .  ^  using  Eq.  1  in 

conjunction  with  this  same  decay-curve,  all  the  ij.  measurements  were 
automatically  converted  to  the  desired  fallout  situation. 

Figures  3*2  through  3•l^^  contain  the  resulting  dose  rate  histories 
curves.  The  conversion  procedure  correctly  positioned  each  curve  with 
respect  to  the  dose  rate  history  at  station  I9.  In  constructing  the 
curves,  it  was  assumed  tliat  after  the  start  of  recovery  no  weathering 
occurred,  and  that  after  each  day's  recovery  operations  the  dose  rate 
curve  followed  the  fallout  decay  curve. 

3.2.2  Effects  of  Weathering*  and  Recovery 

Prom  the  dose  rate  history  and  tlieoretical  decay  curves,  it  is 
possible  to  determine  the  percent  reduction  due  to  weathering,  recovery, 
and  weathering  plus  recovery.  Some  typical  dose  rate  reductions  are 
shown  in  Table  3.6.  The  stations  indicated,  in  each  case,  represent 
the  survey  location  nearest  the  center  of  each  target  component. 

For  either  weathering  or  recovery  the  reduction  in  dose  rate 
indicated  in  Table  3*6  for  the  various  target  conponents  does  not  neces¬ 
sarily  provide  a  true  measure  of  the  actual  fallout  removal  effectiveness. 
The  dose  rate  reduction  for  each  target  component  has  been  influenced  by 
the  gamma  radiation  contributions  from  the  remainder  of  the  complex. 


♦The  term  weathering,  as  used  throughout  this  report,  refers  only  to  the 
erosive  action  of  the  wind. 
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DOSE  RATE  (R/HR) 


Fig.  3,2  Dose  Hate  History  of  Weathering  and  Recovery  -  10th  Street 
(station  19} 
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DOSE  RATE (R/HR) 
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TIME  (H  +  HRS) 


Fig.  3*3  Dose  Rate  History  of  Weathering  and  Recovery  -  Plaza 
(station  4) 
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Pig.  3.**^  Dose  Rate  History  of  Weathering  and  Recovery  -  Terrace 
(station  2) 
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DOSE  RATE  (R/HR) 
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Fig.  3.$  Dose  Rate  Hlstoiy  of  Weathering  and  Recovery  -  Bast  Field 
(station  3) 
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Fl£.  3*6  Dose  Bate  Hlstozy  of  Weathering  and  Recovery  -  Bldg.  370 
(station  17) 
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Pig.  3.8  Dose  Rate  History  of  Veatbering  and  Recovery  -  Bldg.  571 
(station  14) 
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Fig.  3.9  Dose  Bate  Hlstoxy  of  Weathering  and  Recovexy  -  Roof 
Bldg.  571  (Station  14R) 
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DOSE  RATE  (R/HR) 


Fig.  3*^  Dose  Rate  History  of  Weathering  and  Recovery  -  Bldg.  572 
(station  7) 
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DOSE  RATE  (R/HR) 
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Pig.  3*11  Dose  Rate  History  of  Weathering  and  Recovery  -  Roof 
Bldg.  572  (station  ?«) 
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Pig.  3*12  Dose  Rate  History  of  Weathering  and  Recovery  -  1st  Floor 
BUg.  573  (Station  12) 
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DOSE  RATE  (R/HR) 


— 

— 

— 

- 

— 

__ 

— 

- 

— 

_ 

_ 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

t“ 

■ 

\ 

-a 

'SS/t 

r/o 

N  7 

ME 

5H/ 

?5 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

r 

-1 

1 

! 

1 

! 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

! 

1 

3 

p= 

““ 

— 

E 

— 

— 

— 

F 

— 

3 

— 

cz 

— 

CZ 

— 

— 

— 

— 

r" 

— 

— 

— 

— 

— 

— 

\ 

L_ 

L_ 

_ 

L 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

3 

1 

S 

- 

- 

_ 

I 

'4U 

OUl 

■-iW 

1 

ODt 

-L 

u 

— 1 

i 

2 

1 

1 

1 

! 

1 

1 

1 

1 

1 

1 

1 

8 

3 

— 

3 

— 

— 

~ 

— 

— 

=] 

— 

— 

=1 

— 

=1 

— 

— 

— 

— 

=3 

— 

— 

' 

> 

* 

% 

~n 

P 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

_ 

'£4? 

£F 

■HEl 

F£C 

9m 

TS 

I 

i 

=; 

1 

B 

8 

g 

I 

1 

8 

1 

1 

1 

8 

1 

■ — 

■ — ■ 

— 

— 

— 

— 

— 

— 

— ' 

— 

— 

— 

— 

— 

— ' 

_3j 

=s 

— 

- - 

— 

— 1 

— — 

— 

“ 

1 

i 

. 

A 

1 

1 

K2 

SI 

■ 

■ 

m 

■ 

■ 

■ 

i 

m 

E 

m 

Rt 

~co 

A 

I 

I 

I 

I 

I 

! 

1 

1 

1 

1 

1 

! 

iH 

■ 

I 

1 

I 

1 

~ 

~ 

— 

— 

~ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

= 

E 

— 

— 

— 

— 

!■ 

■ 

■ 

■ 

= 

— 

— 

— 

' 

_ 

IB 

■ 

■ 

ilH 

■ 

■ 

IE 

■ 

■ 

1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

8 

|! 

0  24  48  72  96  120  144  168  192  216  240  264  288  312  336  360 


TIME  (H  +  HRS) 


Fig.  3*13  Hlstozy  of  Weathering  and  Recovery  -  2nd  Floor 

Bldg.  573  (Station  10) 
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DOSE  RATE  (R/HR) 


Pig.  3-1**  Dose  Hate  Hlstoxy  of  Weatherltig  and  Recovery  -  Roof 
Bldg.  573  (Station  lOR) 
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Removal  effectiveness  Indicated  by  shielded  gamma  measurements  for  a 
given  component  may  be  quite  hlgh>  but,  because  of  the  added  contribu¬ 
tions  from  the  surrounding  area,  the  resultant  reduction  In  the  unshielded 
dose  rate  vlU  be  considerably  poorer.  Conversely,  the  dose  rate  of  the 
surroundings  will  decrease  with  improved  recovery  effectiveness  in  the 
given  component. 

The  effect  of  weathering  on  the  reduction  of  the  dose  rate  at 
any  location  must  be  considered  when  planning  the  recovery  operations. 

The  redistribution  of  the  dry  fallout  particles  would  affect  the  choice 
of  recovery  procedures.  The  excessive  build-up  of  fallout  along  cvirbs 
may  require  successive  passes  by  a  street  sweeper  to  effectively  remove 
the  fallout  xiartlcles.  Areas  around  buildings,  in  planting  beds  and 
lawns  are  usually  the  most  difficult  to  decontaminate,  since  heavy 
equipment  cannot  operate  efficiently  in  close  quarters.  These  types  of 
areas  trap  migrating  fallout  and  consequently  manual  decontamination 
procedures  are  required  to  remove  the  fallout,  resulting  in  greater 
manpower  requirements . 

The  percentage  reduction  in  the  gamna  dose  rates  in  Table  3*6 
due  to  weathering  is  the  result  of  the  migration  of  the  dry  fallout 
particles  to  and/or  from  the  various  sources  that  contribute  to  each 
location.  For  exanq)le,  the  reduction  in  the  dose  rates  inside  build¬ 
ings  is  due  not  only  to  the  migration  of  particles  frcm  the  roof  sur¬ 
faces  but  also  to  the  migration  of  particles  from  the  sidewalJcs  euid 
streets  surrounding  the  building.  From  the  percentage  decrease  in  dose 
jrate  on  the  various  types  of  surfaces  listed  in  Table  3*6,  the  various 
surfaces  can  be  ranked  in  order  of  decreasing  susceptibility  to  migration 
of  fallout,  as  follows:  (l)  large  asphaltic  surfaces  (Plaza),  (2)  un¬ 
plowed  land  (Terrace),  (3)  tar  and  gravel  roofs,  {k)  asphaltic  street 
(lO  St)  and  (5)  plowed  land  (East  Field). 

The  Complex  III  rankings  differ  somewhat  from  those  determined 
during  Complex  I.  These  differences  can  be  explained  by  the  change  in 
surface  textvire.  Prior  to  Ccmplex  III  the  unplowed  land  (Terrace)  was 
bladed  and  compacted,  resulting  in  a  smooth  vegetation-free  surface, 
whereas  during  Ccmiplex  I  the  Terrace  was  covered  with  a  heavy  growth  of 
vegetation.  Alao  the  East  Field  was  covered  with  vegetation  during 
Complex  III  and  plowed  at  Complex  I.  The  tar  and  gravel  roofs,  after 
two  complex  experiments,  had  all  loose  gravel  removed,  nils,  in  effect, 
made  the  tar  and  gravel  comparable  to  smooth  coiiq>acted  soil  in  its 
susceptibility  to  migration. 


54 


of  Stirface 


Dose  Rate  Reduction  by 
Weathering  (^) 
Complex  i  Con^lex  ill 


large  asphalt  surface 

4l 

76 

Asphalt  street 

30 

35 

Tar  and  gravel  roofs 

8 

49 

Land,  no  vegetation,  unplowed:  Terrace 

- 

52 

Land,  no  vegetation,  plowed:  East  Field 

2 

- 

Land,  vegetation:  Terrace 

1 

- 

Lend,  vegetation:  East  Field 

- 

0 

The  dose  rate  history  curves  for  the  surfaces  that  experienced 
the  greatest  weathering  effects  all  show  a  departure  from  the  theoretical 
decay  curves  at  approximately  H+36  hours.  The  wind  records  showed  ex¬ 
ceedingly  high  winds  during  this  period.  Weathering  results  from  Com¬ 
plex  I  agrees  generally  with  the  earlier  findings  of  Chepll°i9  relating 
to  the  erosion  of  soil  by  wind.  Chepll  stated  that  wind  velocities 
greater  than  10  knots  (measiired  at  a  one  ft  height)  are  required  to 
Initiate  erosion  of  soil  particles  In  the  1^  u  to  300  ^  size  range. 

Wind  velocity  measurements  were  obtained  during  Complex  III. at  three 
different  locations,  all  one  foot  above  the  surface  of  Interest.  Table 
3.7  lists  the  times  at  which  the  wind  velocity  exceeded  10  knots  during 
the  weathering  phase.  The  maximum  wind  speeds  were  experienced  at  all 
three  locations  between  H  +  28  to  H  +  48  hours,  which  brackets  the 
period  of  greatest  weathering. 

Gamma  radiation  measurements  taken  diu'lng  and  after  the  weather¬ 
ing  phase  outside  the  perimeter  of  the  target  complex  area  Indicated 
that  negligible  amounts  of  the  dry  fallout  particles  had  left  the  con¬ 
fines  of  the  target  complex  area.  The  winds  redistributed  the  dry 
fallout  particles  to  areas  within  the  target  complex  where  surface 
roughness,  vegetation  and  obstructions  trapped  them  more  permanently. 

Even  though  this  redistribution  reduced  the  gamma  dose  rate  at  the 
various  measuring  locations,  the  recovery  procedures  employed  still  had 
to  cope  with  the  total  mass  of  fallout  material  originally  dispersed. 

As  a  result  of  the  recovery  operatlm  described  In  Section  2.7, 
a  further  reduction  In  dose  rate  occurred  following  the  weathering  phase. 
A  tabulation  of  weathering  euid  recovery  effects  in  terms  of  percent  re¬ 
duction  Is  given  below.  Dose  rate  reductions  from  Canq>lex  I  are  given 
for  a  basis  of  cooiparlson. 
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T^\3LE  3.7 

Times  at  Which  Vfitid  Velocity  Exceeded  10  Knots  During  the  Weathering  Phase 


Dkte 

nae 

H  + 

Clrectioo 

Maxiouai  Velocity 
(knota) 

Plata 

Oct  8  (IHO) 

10-18 

Heat 

17 

Oct  9  (IHl) 

28-48 

■orth 

31 

Oct  10  1 

,1H2 

50-ft 

South-Heat 

14 

Oct  U  1 

,1H3 

§5-88 

Heat 

l4 

Oct  12  1 

IH4 

106-115 

Heat 

15 

Oct  13  1 

,I>+5 

133-139 

Heat 

l4 

Oct  14  1 

,D+6‘ 

156-159 

■orth 

15 

163-168 

North 

27 

Oct  15  (IH7) 

169-170 

North 

21 

172-179 

North 

28 

Oct  16  (IH8) 

211-212 

Heat 

10 

10th  St  and  Hamilton 

Oct  8  n 

1+0) 

U-16 

Heat 

15 

Oct  9  (1 

[HI) 

32-41 

North 

20 

44-45 

Heat 

14 

Oct  11  ( 

[0+31 

1 

77-78 

Heat 

10 

Oct  12  1 

(d+4] 

1 

106-107 

Heat 

10 

110-114 

12 

Oct  13  1 

1 

137-138 

Heat 

10 

Oct  lU  1 

[D+6] 

1 

157-158 

North-Heat 

10 

164-166 

North 

l4 

167-168 

North 

13 

Oct  15  (IH7) 

168-169 

North 

10 

179-185 

North-laat 

Oct  16  (IH8) 

221-222 

North 

10 

Roof  Belxht 

Oct  8  (IHO) 

10-18 

Heat 

21 

20-21 

Heat 

10 

Oct  9  (IHI) 

28-48 

North 

40 

Oct  10  1 

0+2) 

59-S+ 

South-Heat 

18 

66-67 

Heat 

10 

Oct  11  1 

(0+3; 

83-90 

Heat 

16 

Oct  12  1 

0+4 

105-U5 

Heat 

20 

Oct  13  1 

133-139 

Heat 

19 

Oct  14  1 

(0+^ 

156-160 

Heat 

15 

163-168 

North 

30 

Oct  15  1 

[0*7) 

168-170 

North 

15 

177-188 

North 

29 

Oct  16  1 

0+8) 

203-204 

Heat 

10 

208-209 

Heat 

10 

211-212 

Heat 

13 
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Ccaaplex  III _  _ Complex  I 


Station  14 

station  19 

Station  l4 

Station  i 

Bldg  571 

10th  St 

Bldg  571 

10th  St 

Weathering 

33.7 

3'^.9 

27.3 

33.6 

Recovery 

66.1 

62.1 

60.6 

63.5 

Combined 

99.8 

97.0 

87.9 

96.1 

Residual 

0.2 

3.0 

12.1 

3.9 

In  each  experiment  the  canbined  effects  of  weathering  and  recovery 
are  nearly  equal  for  the  location  on  10th  St,  but  the  total  reduction 
achieved  in  building  571  during  Complex  III  is  greater  than  that  of 
Complex  I.  This  may  be  due  to  the  condition  of  the  roof,  which  con¬ 
tributes  over  yi  it  of  the  dose  rate  at  station  l4.  As  pointed  out  in 
the  previous  section  this  roof  provided  a  much  different  surface  texture 
than  at  Complex  I  and  consequently  the  dry  fallout  particles  were  easier 
to  remove  in  Complex  III.  Regardless  of  complex  experiment  or  location, 
weathering  accounted  for  about  I/3  of  the  total  reduction  in  dose  rate. 

The  effects  of  weathering  and  recovery  on  the  dose  rate  experienced 
in  building  573>  a  two  story  building,  can  be  sumnarized  as  follows; 


$  Reduction 


Station 

Weathering 

Recovery 

Combined 

1st  floor  Station 

12  13.3 

7U.0 

87.3 

2nd  floor  Station 

10  33.3 

53.1^ 

86.7 

Roof  Station  lOR 

52.7 

37.2 

89.9 

The  reduction  in  dose  rate  by  weathering  was  greatest  on  the 
roof  and  least  at  the  1st  floor  station  and,  conversely,  the  reduction 
during  recovery  was  greatest  at  the  Ist  floor  and  least  on  the  roof. 
However  the  canbined  effects  at  both  locations  (and  the  2nd  floor  as 
well)  were  about  the  same.  During  weathering,  fallout  particles  re¬ 
moved  from  the  roof  by  winds  were  deposited  on  the  areas  surrounding 
the  building  and,  consequently,  the  reduction  in  dose  rate  at  the  first 
floor  level  was  not  as  high  as  that  experienced  on  the  roof. 

The  advantage  of  having  paved  areas  instead  of  lawns  around  a 
structure  is  apparent  from  the  total  reductions  in  dose  rate  observed 
inside  the  three  single  story  buildings.  The  latter  are  ranked  below 
in  order  of  increased  percent  reductions. 
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Building 

Station  No. 

Relative  Amount 
of  Paved  Area 

^  Dose  Rate 
Reduction 

572 

7 

Least 

86.0 

570 

17 

Intermediate 

93.7 

571 

14 

Most 

99.8 

In  accord£knce  vlth  the  above  ranking:  building  572  has  lavns  on 
tvo  sides >  a  land  area  off  the  back,  and  a  paved  drive  at  one  end; 
building  ^70  has  lawns  on  all  sides,  but  is  backed  closely  by  the 
Plaza;  and  building  ^71  has  a  lawn  on  part  of  one  side  only,  the  rest 
of  the  grounds  are  paved.  Prom  this  evidence  it  would  appear  that 
naximuiii  reduction  of  interior  dose  rates  may  be  expected  where  surround¬ 
ings  are  mostly  paved. 


3.3  RECOVEFY  DOSE 

The  target  dose  rate  histories  shown  in  the  preceding  section  pro¬ 
vide  a  graphic  illustration  of  the  radiation  levels  hypothesized  for 
this  experiment  and  that  may  be  encountered  in  a  real  fallout  situation. 
Of  greater  importance,  however,  is  the  radiation  dose  represented  by 
the  areas  under  these  curves.  Consider,  for  example,  the  dose  rate 
history  given  in  Fig.  3*2  for  10th  St.  Assuming  a  continuous  exposure, 
an  area  summation  under  the  recovery  portion  of  the  lower  curve  (from 
228  to  306  hr)  results  in  a  rsidiation  dose  of  48  r.  The  dose  to  re¬ 
covery  crews  would  be  somewhat  smaller,  since  only  I/3  of  the  continuous 
78  hr  phase  indicated  would  be  devoted  to  actual  recovery.  Nevertheless, 
doses  ^  48  r  could  be  accrued  by  these  same  crews  if  it  were  necessary 
to  start  recovery  considerably  earlier.  Therefore,  a  capability  for 
estimating  the  expected  dose  to  recovery  personnel  is  an  extremely 
important  requirement  of  the  euivance  recovery  planning. 

For  the  purposes  of  this  study  it  is  assumed  that  adequate  shelters 
are  available.  Thus,  the  dose  during  the  emergency  phase  may  be  con¬ 
sidered  negligible.  The  signlficemt  dose  is  that  accrued  during  the 
recovery  and  mission  phases  following  the  emergency.  This  section 
deals  with  Just  the  recovery  phase  and  the  determination  of  the  re¬ 
covery  dose.  A  detailed  treatment  of  dose  determination  for  both  the 
recovery  and  mission  phases  is  given  in  Ref.  1. 
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3.3*1  Dose  Detemlnatlons 


In  general,  dose  nay  be  thought  of 
and  time.  But,  because  dose  rate  Is  also 
Is  more  properly  expressed  as 


D  *= 


l(t)  dt 


as  the  product  of  dose  rate 
a  function  of  time,  dose  D 


(2) 


where  I  »  the  fallout  radiation  Intensity  In  r/hr  at  a  height  of  3  ft 
t  s  the  time  in  H  +  hours. 

Just  how  the  dose  rate  I  from  fallout  varies  will  depend  upon  the  com¬ 
bined  effects  of  radioactive  decay,  weathering,  recovery  and  shielding. 

Curves  showing  the  eiqpected  decrease  In  dose  rate  due  to  decay 
effects  only  are  available  from  field  test  data  and/or  theoretical 
considerations.  The  upper  cxirve  In  Fig.  3*2  Is  a  t^lcal  example. 
Graphical  Integration  of  the  area  beneath  such  a  decay  curve  over  a 
time  Interval  from  t^  to  ty  corresponds  to  the  right  hand  member  of 
Bq.  (2) .  The  resultant  dose  D  will  represent  the  potential  (hypothe¬ 
tically  maximum)  free  field  dose  due  to  undisturbed  fallout. 

The  potential  dose  over  the  78  hr  period  cited  earlier  is  found 
from  Fig.  3*2  to  be  230  r.  The  difference  between  this  value  and  the 
48  r  dose  mentioned  previously  for  the  same  time  Interval  Is  due  to 
the  additional  effects  of  weathering  and  recovery.  Unfortunately, 
dose  rate  history  curves  will  not  be  available  until  after  conqpletlon 
of  recovery  -  too  late  for  planning  purposes.  Other  means  must  be 
employed  to  predict  the  recovery  dose. 

From  the  foregoing,  two  factors  are  worth  emphasizing.  First, 
potential  dose  D  can  be  ccmputed  from  appropriate  fallout  decay  curves. 
Second,  actual  dose  O'  will  be  significantly  less  than  D.  The  decrease 
between  potential  and  actual  doses  Is  customarily  represented  by  a 
dose  reduction  factor  termed  iresldual  number  RN.  Hius,  the  dose  during 
a  particular  reclamation  task  becomes 

DJ  =  RNg  Dg  (3) 


where,  through  an  established  precedent,  the  subscript  2  denotes  the 
recovery  phase.  (Svibscrlpts  1  and  3  signify  shelter  and  mission  phases, 
respectively).  Predicting  recovery  dose,  then.  Is  largely  a  problem 
of  finding  a  suitable  residual  number. 
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The  concept  of  an  RN2  value  has  meaning  only  vlth  reference  to  a 
particular  reclamation  method.  Because  RN2  values  differ  fron  method 
to  methodi  th^  are  a  function  of  Individual  reclamation  effectiveness. 
In  addition,  RN2's  are  markedly  Influenced  hy  cuinulatlve  recovery  ef¬ 
fectiveness,  target  shielding,  and  equipment  shielding.  The  relation¬ 
ship  between  BN2  and  this  combination  of  reduction  factors  can  be  shown 
to  be 

RNg  =  FjjS  (HC)  (4) 

where  Fj^  =  the  cumulative  recovery  effectiveness,  l.e.,  the  average 
fractional  radiation  level  remaining  In  the  target  area 
any  time  during  the  recovery  phase.  F^^  approaches  the 
final  recovery  effectiveness  F  as  the  recovery  nears 
completion . 

S  =  the  target  shielding  factor,  which  Is  a  constant  for  a 
given  location  within  a  built-up  area. 

RC  =  the  reclamation  coefficient,  which  is  a  complex  function  of 
reclamation  effectiveness  Fj  and  equipment  shielding  Sg. 

Fji  and  S  may  be  calculated  from  contribution  factors  which  are  defined 
and  discussed  In  Section  3«4.  RC  values,  however,  must  be  derived  from 
detailed  dose  rate  histories  of  actual  surface  reclamation  experiments. 
This  is  explained  as  follows. 

If  Eq.  3  is  solved  for  RHg  and  set  equal  to  Eq.  4,  the  general 
expression  for  reclamation  coefficient  becomes 

RC  =  l/F^  (D^SDg)  (5) 


In  an  isolated  reclamation  experiment  involving  one  target  component  F 
becomes  unitj^  and  may  therefore  be  dropped  from  Eq.  5  in  determining  rS 
Di  will  equal  the  area  under  the  experimental  dose  rate  history  curve. 
Tne  product  SD  corresponds  to  the  potential  (free  field)  dose  from 
Eq.  ?  corrected  for  target  shielding  effects.  Thus  the  experimentally 
derived  RC  value  may  be  expressed  as  the  ratio  of  two  doses 

RC  =  D^Dg  (6) 

where  D2  =  actual  dose  to  reclamation  crews  during  a  time  Interval  At. 

Dg  =  SDg,  the  dose  that  would  result  without  the  benefit  of 
reclamation  over  the  same  time  Interval. 
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When  experiments  employ  relatively  long  lived  radiotracers  like 
BalW.i*l40^  D§  may  te  obtained,  to  a  good  approximation,  from  the 
product  of  the  time  Interval  At  and  radiation  intensity  It  at  the  start 
of  a  given  reclamation  test.  This  Is  especially  true  of  the  complex 
experiments,  since  reclamation  periods  vere  limited  to  a  few  hours 
for  any  one  method.  For  longer  periods,  1^  might  have  to  be  corrected 
for  radioactive  decay  effects.  It  should  also  be  noted  that  the  shield¬ 
ing  factor  S  is  contained  Inherently  In  both  numerator  and  dencmlnator 
of  Eq.  6,  hence  Its  effects  cancel. 

Finally,  from  Eq.  6,  the  expression  for  experimental  RC  value 
beccnnes 


RC  =  Dg/ig  At 


(7) 


Solution  to  Eq.  7  Is  obtained  directly  from  specific  dose  rate  history 
data.  This  in  turn  may  then  be  used  to  solve  Eq.  k  for  the  correspond¬ 
ing  RN2  value. 

3.3*2  Typical  Dose  Rate  Histories 

In  order  to  establish  RC  (and  eventually  RN2)  values,  a  dose 
rate  history  was  recorded  for  each  reclamation  method-surface  combina¬ 
tion  encountered  during  the  recovery  phase  of  the  complex  experiment. 
Portable  radlacs  vere  used  to  monitor  the  changing  gamma  dose  rate 
alongside  recovery  personnel.  Where  necessary,  measurements  were  taken 
as  often  as  once  every  minute.  The  dose  rate  history  of  each  reclama¬ 
tion  method  was  plotted  to  provide  curves  for  determining  the  required 
D2  values. 

Figures  3.1^  through  3*23  contain  typical  dose  rate  curves  for 
eight  basic  reclamation  methods.  In  all  cases  the  curves  are  extremely 
Irregular.  Ihey  rise  and  fall  as  reclamation  progresses,  depending  upon: 

(a)  The  procedural  pattern  employed  by  teams  with  respect  to  the 
surface  being  reclaimed. 

(b)  The  temporary  Interruption  of  strong  radiation  contributions 
(from  outside  the  work  surface),  due  to  shielding  by  heavy 
equipment,  buildings  and  other  obstructions. 

(c)  The  repeated  filling  anddumping  of  simulant  collectors  such 
u  sweeper  hoppers  and  loader  buckets. 

*tower  case  i  represents  experimental  mr/hr  intensities  as  distinct 
from  suatlclpated  r/hr  fallout  Intensities  represented  by  upper  case  I. 
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DOSE  RATE  (MR/HR) 


1430  1440  1450  1500  1510  1520  1530 

TIME  OF  day 


Pig.  3*15  Dose  Rate  Hlstoxy  for  Flrehoslng  Roof  -  Bldg  571 
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0910  0920  0930  0940  0950  1000  1O10  1020  1030  1040  1050  1100 

TIME  OF  DAY 


Fig.  1)086  Bate  History  for  Motor  Sweeping  -  First  Beuss 
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DOSE  RATE  (MR/ HR) 


1340  1350  1400  1410  1420  1430  1440  1450 

TIME  OF  day 


Fig.  3 >17  l^ose  Bate  Histoxy  for  Motor  Sweeping  -  Second  Bass 


1630  1640  1650 

TIME  OF  day 


Fig.  3 *13  Dose  Rate  History  for  Motor  Flushing  Plaza 
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0920  0930  0940  0950  1000  1010  1020  1030  1040 

TIME  OF  DAY 


Fig.  3*19  Dose  Rate  Histoxy  for  Kotor  Qxadlng  !Derrace 
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DOSE  RATE  IMR/HR) 


Ol— J _ 1— J _ 1 _ I - 1 - 1 _ I _ I _ 1 _ 1 _ I _ I _ I _ I _ I _ l_J _ L_l 

1250  1300  1310  1320  1330  1340  1350  1400  1410  1420  1430 

TIME  OF  DAY 


Fig.  Dose  Bate  History  for  Rototllling  East  Field 


6? 
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50 


0820  0830  0840  0850  0900  0910  0920  0930  0940 


TIME  OF  day 


Fig.  3*21  Dose  Bate  History  for  Tractor  Scraping  lawns 


0950 
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1304  1306  1308  1310  1312  1314  1316  1518  1320  1322  1324 

TIME  OF  day 


Fig.  3 >22  Dose  Rate  History  for  Loading  Spoil 
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Because  of  variations  and  Interactions  among  the  above  factors,  there 
appears  to  be  no  set  trends  In  the  dose  rate  histories,  exc^t  In  the 
case  of  sweeping  and  possibly  loading.*  The  sweeper  history  In  Figs. 
3.16  and  3.17  shows  a  succession  of  Jagged  hianps.  As  would  be  expected, 
the  dose  nte  builds  up  with  the  accumulation  of  simulant  and  drops 
sheurply  when  the  hopper  Is  emptied.  The  loader  exhibits  a  saw  tooth 
history  (see  Fig.  3.22)  with  maxima  when  the  bucket  is  full  and  minima 
when  the  bucket  is  dtmqped. 

3.3*3  Derived  Reclamation  Coefficients 


From  the  dose  rate  histories  it  was  possible  to  solve  Eq,.  7  for 
the  desired  RC  values.  These  are  given  (together  with  the  calculations) 
In  Tables  3*8  through  3*12  for  eleven  separate  reclamation  operations. 
The  notation  (RC)j  is  used  to  distinguish  indlvldiial  or  step  coeffici¬ 
ents  from  the  average  or  ccnq>08lte  RC  values.  Where  available,  results 
from  Ccnq>lex  II  aire  also  listed. 

A  compsurlson  of  the  entries  In  these  tables  shows  only  rough 
agreement  between  Complex  II  and  Complex  III  results.  This  Is  to  be 
expected,  since  the  two  expwiments  were  dissimilar  In  a  nvDOber  of 
respects  affecting  reclamation  coefficients.  For  Instance, 

(1)  Simulant  mass  loading  differed  between  complex  experiments 
by  a  factor  of  three. 

(2)  Leaching  of  the  radiotracer  from  the  tagged  sand  during  the 
weathering  phase  of  Complex  II  altered  the  reclamation  effectiveness 
of  certain  methods. 

(3)  The  sequence  of  procedural  techniques  for  the  various  recla¬ 
mation  methods  was  not  consistent  between  the  two  experiments. 

Where  replicate  resvilts  were  obtained  for  a  given  method  during 
Complex  III,  the  RC  values  are  quite  variant.  Standard  deviations  of 
around  3  ^  are  associated  only  with  sweeping  (for  one  pass)  and  shovel¬ 
ing  (of  planter  beds).  The  remaining  operations  exhibit  standard  devi¬ 
ations  ranging  from  +  9  for  flrehosing  roofs  to  +  40  for  loading 
spoil.  Deviations  of  this  magnitude  are  not  unusual,  however,  consider¬ 
ing  the  small  number  of  data  samples  {k  or  less  per  method). 


*The  apparent  trend  exhibited  by  flrehosing  In  Fig.  3*13  is  misleading. 
CGiiq)eu:lson  with  other  histories  for  this  method  indicates  the  trend 
to  be  highly  unpredictable. 
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All  Intensities  are  awrages  of  3  «  grouna  readings  taken  just  before  start  oar 

or  rototllUxig*  ^  _ _ .  _ 

tSflM  as  average  value  reported  for  plwlng  -  Ccog^lex  II* 


TABLE  3.11 

Reclamation  Coefficients^  RC,  for  Soil  RemovaJ.  Operations 


toeatloa 

dkt 

(hr) 

(i?/hr)  (S) 

Sg 

(») 

(lB)j 

BO 

(l6«) 

Tractor  Sexantiig 

BU«  970  -  Uima 

2.Sk 

ko 

89.6 

35.41 

0.395 

Bld«  972  -  iMua 

2.20 

53 

U6.6 

39.02 

0.335 

BU«  573  -  Itviui 

1.26 

lao 

151.20 

0.331 

Totala  uid  Aranc* 

357  .*►0 

124.42 

0.35  1  11«* 

loading  (Burloadar) 

BU«  570  .  Inna 

3.270 

^5 

IA7.I5 

22.60 

0.154 

BUg  572  •  lawna 

2.16J 

52 

112.08 

20.23 

0.179 

Bldg  573  •  lawna 

0.600 

120 

72.0 

6.08 

O.OSk 

Sub  totala  and  Auaraga 

331.23 

48.91 

0.15  1  4o 

Bldg  571  -  bada 

1.283 

22 

28.27 

8.64 

0.306 

Tartaea 

0.317 

33 

10.V6 

1.08 

0.103 

10th  at 

0.8i»6 

35 

29.61 

-Ul 

0.262 

SUb  totala  and  Auaxaga 

68.34 

17.49 

0.26  «  46 

Grand  totala  and  Araiaga 

406.62 

71.07 

0.18  +  4o 

r«Bv«sX  avtliaa. 

**Caapl«x  XI  mlu*  '•m  0.k2. 
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TABLE  3-12 

Beclamation  Coefficients,  RC.  for  Manual  Tasks 


Itoeetlon 

At 

.*0*  . 

/“2 

(HO), 

RC 

RC  for 

(hr) 

(ar/hr) 

(«) 

(w) 

(♦Ho) 

Coaplax  II 

Bend 

Shoveling 

BUC  570  •  iMRM 

1.658 

50 

82.90 

'»5.3'» 

0.5^7 

Bldg  ^1  -  iMma 

1.383 

39 

53.» 

38.51 

0.71k 

TotAls  ftod  Arezag* 

136.81^ 

83.85 

0.61  +  16 

0.82 

Bldg  570  -  Beda 

0.39s 

h7 

18.A2 

17.37 

0.938 

BUg  571  -  Beds 

0.280 

31 

8.69 

8.3l» 

0.961 

Bldg  ’SIZ  -  Beda 

0.316 

26 

8.22 

7.23 

0.879 

Bldg  573  •  Beda 

Totala  and  Average 

0.630 

37 

23.31 

isng 

22.80 

0.978 

0.95  +  k 

0.86 

Shoreline  Aaalat  to  Scraper 

Bldg  572  -  laama 

2.15 

16 

3h.l»0 

38.23 

1.111 

Bldg  573  -  iMRUi 

1.31 

25 

32.75 

23.11 

0.706 

Tamea 

0.316 

10 

3.16 

2.95 

0.93k 

laat  naU 

0.166 

18 

2.99 

2.te 

0.766 

Totala  and  Average 

73.30 

66.71 

0.91  +  22 

o.A 

Shoveling  Aaalat  to  Loader 

Bldg  570  -  lawn 

0.283 

U 

3.11 

3.01 

0.968 

Terrace 

0.250 

33 

8.25 

10.63 

1.288 

10th  St 

1.066 

35 

37.31 

22.76 

0.610 

Totala  and  Average 

U8.67 

36.  ho 

0.75  1  53 

*Aii  IntMwltiaa  ar*  3  ft  srounS  raadlngi  taken  Ju«t  feerors  itart  of  the  ilvtn  tktk. 
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In  spite  of  these  deviations,  the  relative  magnitudes  of  the  RC 
values  are  consistent  within  classes  of  reclaisatlai  methods.  For  in¬ 
stance,  manual  methods  display  average  RC  values  between  0.5  and  1.0. 
With  the  exception  of  sweeping,  motorised  methods  result  in  average  RC 
values  slgnificsuitly  less  than  0.5.  IMs  is,  of  course,  due  to  the 
shielding  which  the  equipment  provides  the  operator.  Sweeping  repre¬ 
sents  a  unique  case  where  the  advantage  of  equipment  shielding  is  can¬ 
celled  by  the  buildup  of  simulant  within  the  hopper.  As  a  result, 
average  RC  values,  for  the  first  two  passes  at  least,  ax«  greater  than 
one.  An  exceptlcm  is  noted  in  Table  3.9  where  an  RC  value  less  than 
one  was  obtained  for  Hamilton  Ave.  13ie  analysis  in  the  following 
section  shows  the  worth  of  this  particular  resxilt  to  be  highly  ques¬ 
tionable. 

3.3«**  Reclamation  Coefficient  Versus  Bffort 

Results  from  the  Complex  II  experiment^  shewed  that,  for  flre- 
hosing  roofs  and  sweeping  pavements,  RC  decreased  with  the  continued 
expenditure  of  reclamation  effort.  In  each  instauice  the  surface  was 
subjected  to  repeated  passes  by  the  respective  reclamation  method. 
Sweeping  data  from  Cengplex  III  indicated  a  similar  relationship.  Find¬ 
ings  from  both  experiments  are  presented  in  Fig.  3.24.  Within  the 
respective  effort  ranges  shown  the  data  points  describe  straight  lines 
having  a  common  slope  of  -l/2.  Ihe  general  equation  fitting  these 
curves  is 

HC  »  (8) 

where  E  represents  the  appropriate  unit  effort  suid  K  is  a  combined 
constant  of  proportionality  and  decay  factor.  Values  of  the  latter 
are  shown  for  each  curve. 

Four  of  the  data  points  from  Cosqplex  III  and  six  from  Complex  II 
exhibit  a  strongly  correlated  trend  defined  by  the  lower  curve.  In 
view  of  this  close  corzwlatlon,  the  one  outlying  data  point  (corres¬ 
ponding  to  the  result  from  Hamilton  Ave.)  nay  be  Ignored.  Ttet  this 
point  is  of  dubious  value  is  further  Indicated  by  the  fact  that  three 
Complex  II  data  points  tvaa  Hamilton  Ave.  fall  on  or  very  near  the 
equated  curve. 

The  upper  curve  represents  Complex  II  results  from  sweeping  IDth 
St  only.  The  decreasing  trend  of  this  curve  substantiates  that  of  the 
lower  curve,  since  both  curves  have  a  slope  of  -l/2.  There  is  no  ready 
physical  explanation  for  the  displacement  of  the  two  curves.  If  such 
differences  as  mass  loading,  hcgpper  accumulation  rate,  surface  rough¬ 
ness,  surface  shape,  operator  skill,  etc.  were  Influencing,  then  the 
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points  defining  the  lower  curve  should  have  shown  no  correlation  at  all. 
It  can  only  be  assigned  that  the  displacement  Indicated  by  the  K  values 
shown  in  Fig.  3,  A  may  vary  30  to  30  Within  this  range,  however, 
the  present  data  demonstrates  a  reasonably  predictable  decrease  in  RC 
value  with  an  increase  in  unit  effort. 

It  should  be  pointed  out  that  the  curves  shown  in  Fig. 
should  not  be  extrapolated  in  either  direction.  Extending  them  to  the 
left  results  in  unit  effort  values  less  than  the  minimum  required  for 
c<»q)lete  surface  coverage.  Continuing  the  curves  to  the  right  approaches 
prohibitive  values  of  unit  effort  and  unachievably  small  BC  values.  The 
fact  must  also  be  emphasized  that,  in  spite  of  the  decrease  in  BC  value 
with  the  e}q>endlture  of  time  and  effort,  the  dose  to  reclamation  person¬ 
nel  continues  to  Increase . 


3.4  BADIATION  CONTBIHJTIONS 

An  essential  requirement  of  a  reliable  recovery  planning  procedure 
is  a  method  for  predicting  the  radiation  contribution  of  each  component 
to  the  overall  radiation  level  within  a  potential  target  complex.  With¬ 
out  this  capability  it  becomes  extremely  difficult,  if  not  impossible, 
to  make  acceptable  estimates  of  such  Important  planning  variables  as: 

(a)  Target  shielding  factor,  S. 

tb)  Overall  recovery  effectiveness,  F. 

(c)  Dose  reduction  factors,  BB2  Gind  BN^. 

A  simplified  method  for  predicting  contributions  was  devised  in 
1939  Gind  used  in  Complex  experiments  I  and  II.  Upon  conqparlng  the 
predicted  values  with  those  derived  ejqperimentally,  it  was  concluded 
that,  in  spite  of  the  apparent  disagreement  between  a  number  of  paired 
contributions  (predicted  versus  measured),  the  general  trend  of  corres¬ 
pondence  demonstrated  the  prediction  method  to  be  basically  sound.  An 
attempt  was  made,  therefore,  to  Improve  upon  this  method  and  recheck 
it  against  Conq>lex  III  smasurements. 

3.4.1  Contribution  Factors 


In  planning  a  recovery  operation  it  is  convenient  to  know  the 
individual  radiation  contributions  of  the  various  target  congponents  to 
sane  common  location  usually  near  the  center  of  the  general  working 
area.  For  a  perfectly  circular  complex  area  the  calculation  of  contri¬ 
butions  to  the  center  is  relatively  easy.  Ignoring  air  absorption  or 
self -absorption,  the  radiation  intensity  I  from  a  uniformly  contaminated 
area  of  zadius  r  to  a  point  at  height  h  above  the  center  is,  according 

to  Evans, 
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(9) 


2 

I  ■  k  In  (l  +  ^) 


where  a  «  the  total  activity  in  curies 

k  «  the  Intensity  at  unit  distance  from 

The  concentration  of  activity  q.  In  curles/ft^ 
stltutlng  nq  for  a/r^  In  Eq.  9 

I  ®  itkq  In  (l  +  ^  ) 


a  unit  amount  of  activity, 
is  equal  to  a/xr^.  Sitb-  ' 


(10) 


The  product  kq  In  Eq.  10  Is  equal  to  the  Intensity  I*  at  a  vinlt 
distance  from  a  unit  area.  For  unlfom  concentrations  of  contaminant 
I*  will  be  constant.  nierefore>  the  ratio  l/l*  will  be  proportional 
to  radiation  contributions  from  the  surroundings.  This  ratio  Is  defined 
as  the  contribution  factor.  Rewriting  Eq.  10,  the  contribution  factor 
for  a  circular  area  becomes 

2 

cf  (circle)  »  X  In  (l  +  ^)  (U) 


For  a  circle  having  an  area  equal  to  that  of  the  complex,  the 
radius  r  would  equal  212  ft.  Setting  h  equal  to  3  ft,  Eq.  11  may  be 
solved  to  give  a  value  of  26.8  as  the  total  contribution  factor  for 
the  equivalent  circle. 

In  calculating  the  cf  values  for  the  target  complex,  Eq.  11  was 
used  for  a  circular  area  immediately  surrounding  the  reference  location, 
station  19  In  the  middle  of  10th  St.  This  centrally  located  area  Is 
designated  as  sector  t6  in  Fig.  B.8  of  the  Appendix.  Its  diameter  Is 
32  ft  corresponding  to  the  width  of  10th  St. 

Contributions  from  sectors  lying  beyond  this  32  ft  circle  were 
computed  from  an  approximate  formula  based  on  the  Inverse  squ8u:« 
relation.  That  Is,  the  contribution  factor ftr  a  given  sector  of  the 
target  vas  assiimed  to  be  nearly  equal  to  the  ratio  of  the  sector  area 
A  and  the  square  of  Its  distsuice  d  from  the  receiving  point.  Hdnis 

cf  (sector)  2  A/d^  (12) 

The  contribution  factors  predicted  by  Eq.  11  and  12  do  not  contain 
the  effects  of  shielding  from  intervening  materials.  Therefore,  In 
the  case  of  a  target  cooplex.  It  Is  necessary  to  correct  the  cf  value 
by  a  shielding  reduction  factor  s.  Idie  shielded  contribution  factor 
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cf3  for  a  given  radiation  source  then  equals  the  product  of  s  eund  cf . 
enable  3.13  lists  tl’ie  various  contribution  factors  predicted  by  the  above 
equations  for  all  target  components  referred  to  station  19.  Both  the 
unshielded  (cf)  and  shielded  (cfs)  values  are  shown.  More  complete  com¬ 
putations  for  the  Individual  target  sectors  comprising  each  target  com¬ 
ponent  are  given  In  Appendix  E. 

Appearing  alongside  each  tabulated  contribution  factor  computed 
for  Complex  III  Is  another  value  In  parenthesis.  The  latter  Is  taken 
from  Complex  II  calculations.  Together  they  indicate  differences  result¬ 
ing  from  several  factors  neither  readily  apparent  frcm  nor  directly  at¬ 
tributed  to  Eq. 's  11  and  12.  !I%at  Is,  the  equations  tised  were  the  same 
In  both  experiments.  But,  physical  i^rovements  within  the  test  target 
area  (see  Section  2.2),  more  accurate  measurements,  and  refined  theore¬ 
tical  consldeiatlons  cosiblned  to  change  the  magnitude  of  the  variables 
used  In  the  Complex  III  calculations. 

For  Instance,  comparison  of  the  cf  values  shown  In  Table  3*13 
reveals  differences  between  pairs  reinglng  from  13  to  3^  ^  for  the  Plaza, 
the  Terrace,  the  lawns  and  the  walks  and  planters.  Hiese  significant 
cf  differences  may  be  attributed  almost  entirely  to  comparable  differ¬ 
ences  (l4  to  38  %  In  the  estimates  of  A,  the  component  area.  In  some 
cases,  the  size  of  a  given  con^nent  was  changed  during  test  site  Im¬ 
provements.  In  other  cases,  the  1962  topological  survey  showed  Complex 
II  area  estimates  to  be  In  error.  Oxe  differences  exhibited  by  the 
eight  remaining  cf  pairs  tabulated  are.  In  general,  too  small  to  corre¬ 
late  with  any  known  discrepancies  in  the  two  variables  of  Eq.  12;  neunely, 
area  A  and  distance  d. 

It  Is  of  Interest  to  note  that  the  total  cf  value  (2^.9^)  shown 
at  the  foot  of  Table  3.13  is  within  about  3  of  the  value  (26.8)  cal¬ 
culated  earlier  from  Eq.  11.  Such  close  agreement  tends  to  Justify  the 
use  of  the  Inverse  square  apxnraxlmatlon  given  by  Eq.  12  for  sectors 
beyond  the  central  32  ft  circle  at  station  19. 

In  addition  to  discrepancies  In  area  estimates  between  Complex  II 
and  Complex  III,  Table  3.13  discloses  an  even  stronger  source  of  dis¬ 
agreement,  the  shielding  factor  s.  This  Is  demonstrated  by  the  differ¬ 
ences  In  the  paired  cfg  values  listed.  With  the  exception  of  10th  St, 
where  shielding  was  negligible,  these  differences  reuiged  from  8  to  210  i>. 
In  connection  with  the  four  components  cited  earlier,  these  differences 
were  due  to  the  combined  effects  of  area  cheuiges  and  shielding  factor 
changes.  The  latter,  however,  was  almost  totally  responsible  for  those 
differences  exhibited  by  the  remaining  target  conq)onent8. 
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TKBI£  3>13 

Predicted  Contribution  Pectore  for  Station  19,  10th  St* 


Component  and  Location  cf 


cf 


s 


Roofs 


Biag  ^0 

Bldg  571 

BUg  572 

Biag  573 

0.3020  1 
0.3970  ( 
O.3SW  ( 
0.4030  ( 

0.2949) 

0.4252) 

0.3712) 

0.^1991 

0.0544  1 
0.0803  1 
0.1465  1 
0.1111  ( 

[  0.1655) 

0.2359) 

0.2001) 

[  0.2190) 

Sub  Totals 

1.466  (  1.511  ) 

0.392  (  0.820  ) 

Itivement 

Hamilton  Ave 

0.3232  ( 

[  0.3118) 

0.1198  ( 

0.0345) 

10th  St 

14.1375  1 

14.1430) 

14.1188  ( 

14.0918) 

Plaza 

1.2358  1 

1.0715) 

0.6456  1 

0.4687) 

Parking  Strips 

1.6570  ( 

[  1.6877) 

1.4349  ( 

1  1-6837) 

Sub  Totals 

17.354  (17.21^  ) 

16.319  (16.279  ) 

Fields 

East  land 

0.3130  ( 

[  0.3220) 

0.2408  1 

[  0.3077) 

Terrace 

1.0300  ( 

0.7228  ( 

[  1.0541) 

Sub  Totals 

1.343  (  1.657  ) 

0.9a  (  1.315  ) 

Grounds 

Lawns 

4.0494  ( 

[  3.6161) 

3.9303  ( 

[  2.9480) 

Walks  and  Planters 

1.7421  ( 

[  1.1869) 

i-ms  i 

Sub  Totals 

5.792  (  4.724  ) 

i.3p8_  (  4.056  ) 

Gxand  Totals 

25.95  (25.24  ) 

22.98  (22.52  ) 

*Contrlbutlon  factors  in  parentheses  are  from  Complex  II  calculations. 
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The  magnitude  o£  the  discrepancies  between  s  values  used  In  the 
two  experiments  is  lUastxated  In  Fig.  3.2$  by  the  pronlnent  spacing  be¬ 
tween  the  shielding  curves.  The  straight  line,  semi -log  form  of  the 
two  br<dien  curves  was  dictated  by  the  well  known  equatlmi  for  simple 
shielding,  s  «  e''".  The  slope  of  these  lines  was  determined  by  two 
half -thickness  values  taken  from  the  19$7  edition  of  the  Effects  of 
Nuclear  Veapons.  At  the  time  of  Complex  II  no  better  Information  was 
available.  The  half -thicknesses  selected  were  reported  as  approximate 
values  for  gamma  radiation  from  fission  products.  Since  the  average 
photon  energy  of  fission  products  (sifter  the  first  few  houzm)  Is  eosqpsumi- 
ble  to  that  of  the  Ba  l^-Ia^^  simulBuit  employed  during  the  experiment, 
the  half -thickness  values  were  considered  appropriate. 

Unfortunately,  the  shielding  curves  as  originally  plotted  and 
used  during  Conqplex  II  showed  s  versus  T  in  Inches  of  shielding  materlAl. 
In  this  form  the  two  curves  for  wood  and  concrete  appesured  in  a  perfectly 
logical  relation  to  one  another.  However,  when  s  is  plotted  against 
mass  thickness  t  in  Ib/ft^  (as  in  Fig.  3>2$),  the  currves  become  immedi¬ 
ately  open  to  question.  They  reverse  positions  so  that  now,  pound  for 
poxuid,  wood  appears  to  be  a  better  shielding  material  than  concrete. 

Even  if  this  is  conceivable,  special  shielding  measurements  made  after 
Conqplex  IH  further  Indicated  that  the  curve  for  wood,  at  lecwt,  sipped 
too  steeply.  The  Importance  of  this  finding  can  only  be  appreciated 
when  It  is  realized  that  the  wooden  buildings  accounted  for  most  of  the 
shielding  encountered  In  the  target  complex. 

In  order  to  appraxlmate  the  curve  fitting  these  measurements,  a 
build-up  factor  was  introduced  into  the  shielding  equation.  The  solid 
curve  in  Fig.  3*2$  labeled  Complex  III,  is  the  result.  Contribution 
factor  calculations  nade  no  allowances  for  air  absorption,  self -absorp¬ 
tion,  terrain  roughness  or  broad  beam  attenuation  effects.  However, 
Conqilex  III  calculations  reflect  a  scattering  correction  by  virtue  of 
the  build-up  factor  used  in  establishing  the  solid  curve.  Computational 
details  and  associated  tlwozy  used  in  the  determination  of  this  more 
reliable  curve  are  presented  in  Appendix  F. 

Another  refinement,  introduced  to  further  Improve  contribution 
factor  predictions  appears  in  Appendix  0.  This  comprises  a  consistent 
system  for  calculating  effective  shielding  thicknesses  In  sujport  of 
the  shielding  curve  developed  in  Appendix  F. 

3.^.2  Fractional  Contributions 


In  order  to  gain  a  measure  of  confidence  in  the  predicted  cfg 
factors  listed  in  Table  3*13/  It  was  necessary  to  make  repeated  radia¬ 
tion  svurveys  during  the  dispersal  phase  of  the  complex  experiment.  The 
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Fig.  3.2$  Coosarlson  of  Shielding  Effects  Curves  Used  in  Obtaining  cf 
Values 
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dispersal  operation  followed  the  l4-step  sequence  shown  In  Table  3.1U. 
Radiation  readings  were  taken  after  each  step  at  all  20  BAHB  stations. 
From  these  survey  data  It  %ras  then  possible  to  derive  factors  Indicative 
of  the  actual  contributions  from  the  various  target  components. 

Before  compeurlng  the  above  factors  with  predicted  values,  the 
latter  were  adjusted  for  the  non-uniform  distribution  of  radioactivity 
over  the  various  target  complex  surfaces.  This  was  accomplished  by 
multiplying  the  cfa  values  (predicted  In  Table  3*13)  ^  the  ratio: 

q  tie/ft^  measured  unit  activity 
854^  |ic/ft^  average  unit  activity 

so  that  ^®^s^a  “ 


Table  3<1^  lists  the  adjusted  predicted  contribution  factors 
(cfs)a,  and  develops  a  means  for  comparing  predicted  and  measured  contri¬ 
butions  to  station  19.  A  column-by-column  explanation  of  the  table 
appears  below: 


Column  1 

Column  2 
Column  3 
Column  4 

Column  $ 
Column  6 

Column  7 

Column  8 

Column  9 


cfg,  the  shielded  contribution  factor  computed  from  Eq!i.  11 
and  12. 

q,  simulant  concentration  In  uc/ft^  as  actually  dispersed. 
Ccfg)a,  adjusted  value  of  cfg  according  to  Eq.  13 . 

TPi.  predicted  fractional  contribution,  l.e.,  the  ratio  of  the 
Individual  contribution  factor  for  a  given  surface  to  that 
for  the  entire  complex. 

ep,  percent  error  In  fp  values  of  column  4. 

£q1,  the  decay-corrected  mr/hr  Intensity  at  the  reference 
location  as  affected  by  the  cumulative  contribution  from 
successively  contaminated  surfaces  during  dispersal. 

Ai,  the  Incremental  Intensity  ascribed  to  an  Individual  sur¬ 
face  and  equal  to  the  difference  between  two  successive  values 
of  £(.1  In  column  6. 

fg,  measured  fractional  contribution,  l.e.,  the  ratio  of  an 
Individual  M  to  the  final  £q1  measured  after  completion  of 
dispersal. 

e^,  percent  error  In  f^^  values  of  column  8. 


Near  the  bott^  of  the  table,  under  columns  4  and  8,  are  shown  the 
grouped  fractional  contributions  for  the  four  surface  types  found  In  the 
coaq>lex,  namely:  roofs,  fields,  grounds  (lawns  and  beds)  and  paved  areas 
(walks  and  parking  strips,  streets  and  Plaza). 
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From  the  above  development  It  is  seen  that  any  comparisons  of 
measured  and  predicted  values  depend  on  the  fractional  contribution  f 
rather  than  on  the  contribution  factor  cf .  Although  the  latter  is  satis¬ 
factory  as  a  predicted  value.  Its  counterpart  In  the  measured  case  can¬ 
not  be  conveniently  derived  from  the  RAMS  measurements  of  column  This 
Observed  data  can  be  readily  expressed  In  terms  of  the  fractional  contri¬ 
bution  fjQ.  By  converting  the  adjusted  cfg  values  to  fp  values,  the  frac¬ 
tional  contribution  then  becomes  a  common  basis  for  comparison. 


Ideally  the  paired  fractional  contributions  of  columns  4  and  8  In 
Table  3.14  should  equal  each  other.  Cfbvlously  this  Is  not  the  case. 
Assuming  (for  the  moment)*  that  the  fm  values  are  a  true  indication  of 
the  actual  fractional  contributions,  the  discrepancies  In  the  fp  values 
may  be  classed  as  shown  In  the  table: 


No.  of  fp 
Values 


Factor  of  Percent  of 

Difference  Total 
Prom  fjj  Contributions 


4  2.1  -  4,8  10.5 
7  1.3  -  1.7  20.5 
3  1.04-  1.10  69.0 


The  fp  valiies  divide  tli^mselves  Into  three  classes  according  to  whether 
they  differ  from  their  paired  values  by  factors  of  more  than  2,  less 
than  2,  or  nearly  unity,  l.e.,  almost  equal  to  their  respective  f^  values. 
It  Is  apparent  that  an  Inverse  relationship  exists  between  the  size  of 
the  discrepancies  and  their  importance.  That  Is,  the  most  errant  class 
of  fp  values  comprise  but  a  small  part  of  the  total  contribution;  while 
the  least  errant  represents  the  major,  hence,  controlling  portion  of  the 
total  contribution. 


Figures  3*26  and  3*27  provide  em  even  clearer  Indication  of  how 
significant  the  differences  between  fp  and  f..  values  really  are.  Plots 
are  shown  for  both  the  Individual  and  grouped  contributions  taken  from 
Table  3.14.  Referring  to  Fig.  3*24  for  perfect  agreement  between  pre¬ 
dicted  and  observed  values  all  points  should  fall  on  the  45^  dashed  line. 
Except  for  the  grounds  (lawns  and  beds)  of  bldg.  571  and  the  Plaza,  edl 
points  follow  the  directional  trend  of  the  Idealized  line.  Fortunately 
the  sum  of  the  measured  contributions  from  the  two  outlying  points  make 
up  barely  9  o£  the  total. 


Obviously  the  points  of  greatest  significance  are  the  two  repre¬ 
senting  10th  St.  and  the  walks  and  parking  strips.  Together  they 

*That  Is,  in  spite  of  the percent  errors  shown  in  column  9* 
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PREDICTED  fractional  CONTRIBUTION  (FP) 


MEASURED  FRACTIONAL  CONTRIBUTION  IFM) 


Fig.  3*26  Conaiarlson  of  Predicted  vs  Measured  Values  for  Individual 
Contributions  to  Station  19 
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Fig*  3*27  Comxarlson  of  Predicted  vs  Measured  Values  for  Grouped 
Contributions  to  Station  19 
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account  for  77  ^  of  the  total  contribution  to  statioi  19.  Tbe  10th  St 
point,  because  of  its  nearness  to  tbe  dashed  line,  indicates  an  espeei> 
ally  close  agreement  between  fp  and  f^  coordinates.  It  is  interesting 
to  note  that  the  six  points  grouped  in  the  lower  left  hand  comer, 
between  fractional  contiributionn  of  10*3  to  10*^,  cosqprise  only  about 
4  ^  of  the  total  contribution.  They  include  all  of  the  roofs  plus 
Bsfflilton  Ave.  and  the  Bast  field. 

A  plot  of  grouped  fractional  contributions  (from  the  bottom  of 
Table  3. I#)  are  shown  in  Fig.  3.27.  Here  the  point  pattern  is  more 
closely  confined  to  the  dashed  line  than  in  the  previous  plot  of  Fig. 
3.26.  The  coBgiensation  of  errors  accrued  in  the  individual  fp  and  fw 
values  is  responsible.  This  is  borne  out  by  the  entries  in  Kble 
(columns  5  and  9)  which  show  the  reduction  in  the  percent  error  between 
individual  and  grouped  fractional  contributions. 

Tbe  foregoing  demonstrates  the  improved  reliability  of  the  pre¬ 
dicted  results  when  the  individual  f  values  are  combined  according  to 
the  four  basic  surface  types  found  in  the  target  complex.  Grouping  the 
data  in  this  way  carries  a  special  significance,  since  recovery  planning 
is  also  keyed  to  the  coiid>lnation  of  surface  types,  not  to  single  target 
components,  for  this  reason,  the  strong  trend  shown  by  the  point  pat¬ 
tern  in  fig.  3.27  (and  fig.  3.26  as  well)  indicates  that  the  method 
enqployed  for  predicting  contribution  factors  is  sxifflclently  accumte 
for  recovezy  planning,  furthermore,  comparison  of  these  predictions 
with  those  of  Complex  II  represents  a  definite  liqxrovenent. 

3.14..3  Analysis  of  Error 

Estimates  of  the  percent  error  in  the  predicted  and  measured  f 
values  are  given  in  columns  ^  and  9  of  Table  3*1^«  ^0  errors  in  a  num¬ 

ber  of  cases  are  quite  large  due  to  the  cumulative  effects  of  specific 
errors  in  the  variables  involved,  for  Instance,  fp  is  a  function  of  at 
least  six  variables,  each  of  which  is  a  source  of  error.  It  csui  be 
shown  statistically  that  ep  (the  percent  error  in  fp)  is  proportional 
to  the  square  root  of  the  sum  of  the  squares  of  the  relative  errors  in 
these  variable.  Of  these  relative  errors,  that  s^soclated  with  the 
shielding  factor  s  was  found  to  be  controlling.  On  the  average  this 
one  source  of  error  was  responsible  for  96  ^  of  the  collective  effest 
ascirLbed  to  tbe  six  relative  errors  investl^ted. 

The  percent  error  ejg  in  tbe  meauBured  fzactlonal  contribution  fj^ 
WM  also  the  result  of  additive  effects.  From  Thble  3.3A  it  is  apparent 
that  each  ^m  was  determined  from  tbe  difference  A1  between  two  successive 
BMC  readings.  Therefore  a  given  em  is  woportional  to  the  square  root 
of  tbe  sum  of  the  squares  of  the  errors  (not  relative  errors)  in  these 
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dose  rate  readings.  In  calculating  eg  a  relative  error  of  20  ^  vas  as- 
stuned  for  all  BMG  readings,  nils  vas  based  on  RfOiS  Instrument  calibra¬ 
tions  and  performance  Infoznation.* 

Conqparing  the  two  kinds  of  error  texns  in  Sable  3«1^«  Sp  values 
euK  generally  much  less  tban  Oq  values.  For  three  of  the  four  sets  of 
roof  values  the  situation  is  reversed.  These  exceptions  sxe  probably 
caused  by  the  greater  reduction  in  potential  roof  contrlbutioos  due  to 
shielding  (see  Table  3.13)  •  Increased  shielding  is  signified  by  a  de¬ 
crease  in  the  shielding  factor  s.  But  the  relative  error  in  s  suid, 
hence,  the  percent  error  ep  Increases  as  s  decreases.  Therefore,  the 
percent  error  for  roofs  tends  to  be  larger  than  for  the  other  components 
in  direct  proportion  to  the  Increased  shielding. 

Grouping  the  percent  errors,  as  shown  at  the  bottom  of  Table  3*1^ 
reduces  the  differences  among  Cp's  and  eg^'s.  Differences  between  paired 
ep  and  ejg  values  also  decrease  markedly.  As  noted  earlier  these  grouped 
estimates  are  smaller  than  in  the  individual  cases  because  of  compensat¬ 
ing  effects  among  error  terms. 


«See  Ref.  4  for  explanation  of  BAMS  performance  characteristics. 
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CmPTKR  4 

OORCLUSIC»S  AHD  BBOGMIXHEATIONB 


4.1  OOMCIUSIOMS 

As  Indicated  In  Section  1.1  of  the’ introduction^  Cooplex  III  is  the 
cuLnlnatlon  of  a  series  of  three  Target  Complex  ej^rinents.  inie  test 
series  has  been  a  unlgue  vmdertalclng  considering  the  full  scale  propor¬ 
tions  of  each  esqwriment,  the  mass  production  and  dispersal  of  ton  quan¬ 
tities  of  fallout  simulant,  the  realism  auid  success  of  the  recovery 
operations  performed  and  the  overall  planning  and  technical  requirements 
leading  to  the  final  achievement  of  the  test  objectives. 

The  results  of  each  succeeding  complex  erq^rlment  has  borne  out, 
amplified  or  added  to  the  findings  of  the  previous  experl0ent(s) .  Tbken 
together,  the  three  tests  have  demonstrated  two  very  impoirtant  axioms; 

(l)  Radiological  recovery  of  a  target  conq>lex  can  be  an  accoaqplished  fact 
requiring  no  unusual  or  exotic  tools,  (2)  The  performance  of  a  safe  re¬ 
covery  operation  (within  prescribed  dose  limits)  is  assured  by  following 
a  definite  schedule  based  on  a  radiological  recovery  planning  procedure. 

The  specific  conclusions  related  to  this  final  test  in  the  series. 
Complex  III,  are  enumerated  below: 

1.  Support  functions  such  as  emptying  sweeper  hoppers,  filling 

f lusher  tanks,  and  setting  tqp,  moving  and  rolling  up  flrehosing  equipment 
account  for  at  least  of  the  total  working  time  allotted  to  these 
recovery  methods. 

2.  For  disposal  sites  located  more  than  3  miles  from  a  given  target 
complex,  the  time  required  in  hauling  spoil  becomes  controlling  in  a  soil 
removal  operation. 

3.  In  a  built-up  eurea  similar  to  the  test  target  coiiq>lex,  a  soil 
removal  operation  may  be  expected  to  account  for  half  the  total  recovery 
effort. 
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4.  nredletlons  of  the  overell  recovery  tine  end  recovery  effort 
should  be  nultipUed  by  e  correction  factor  of  1.1  to  conqieneate  for  the 
optljnlea  which  conaistently  colors  the  various  redneation  tine  estinates. 

3,  Istinates  of  expected  reclsaation  tlaes  based  on  isolated  tests 
of  individual  nethods  nust  be  upgraded  in  accordance  with  full-scale 
operational-recovery  data  when  planning  the  recovery  of  a  target  conplex. 

6.  Prom  the  standpoint  of  support  tine  retail^:  street  sweeping, 
street  flushing,  flrehoslng  roofs  and  hauling  spoil  are  the  least  effi¬ 
cient  methods;  motor  grading,  loeidlng  spoil,  shoveling  sod,  sweeping 
valks  and  rototiUlng  are  the  most  efficient;  tractor  scraping  is  inter¬ 
mediate. 

7.  Although  the  migration  and  redistribution  of  fallout  sioulsuit 
by  winds  during  the  weathering  ihase  msy  reduce  the  radiation  levels  by 
1/3  or  more,  in  general,  the  bulk  of  the  fallout  material  still  can  be 
expected  to  remain  within  the  confines  of  the  Innediate  area. 

8.  The  effects  of  weathering  upon  radiation  levels  in  exposed 
areas  (roofs  and  grounds)  are  resisted  by  surface  irregularities  in 
texture  and  configuration  and  by  obstructions  such  as  curbs,  fences  and 
buildings. 

9.  Reduction  of  radiation  levels  indoors  is  Imporaved  by  paved  sur¬ 
roundings  which  encourage  Increased  weathering  effects. 

10.  Por  wind  velocities  no  greater  than  those  observed  during  the 
weathering  ]^se,  the  ultimate  removal  of  redistributed  fallout  material 
must  be  achieved  by  the  recovery  effort. 

11.  The  cosiblned  effects  of  weathering  and  recovery  msy  reduce  the 
general  radiation  level  in  a  built-up  area  as  much  as  97 

12.  The  calculation  of  a  recovery  dose  reduction  factor,  1112,  from 
a  particular  dose  rate  history  must  take  into  account  the  cumulative 
target  recovery  effectiveness,  Pq  (in  addition  to  target  shielding  fhc- 
tor  and  reclamation  coefficient). 

13.  Reclamation  coefficients  are  a  function  of  the  method-surface 
combination.  They  sure  also  dependent  upon  reclumation  effectiveness  and 
eq.ulpBwnt  shielding. 

l)».  To  date,  redaction  coefficients  for  a  given  method-suxfhce 
coiAinatlan  are  quite  variant  from  one  complex  recovery  operation  to 
another  and  from  one  target  compcxient  to  another. 
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15-  For  street  sweeping,  reclamation  coefficients  display  a  trend 
that  is  inversely  proportional  to  the  square  root  of  the  unit  effort. 

16.  Because  of  the  strong  correlation  between  predicted  and  measured 
values,  the  improved  method  for  predicting  contribution  factors  can  be 
used  for  recovery  planning  purposes. 

17.  Conventional  street  clesuiing,  fire  fighting  and  construction 
equipment  represent  eui  available  (but  not  the  ultimate)  means  for  achiev¬ 
ing  the  effective  recovery  of  a  target  complex. 

18.  The  approach  used  in  the  operational  recovery  and  the  planning 
factors  obtained  are  applicable  to  residential  installations  having  geo¬ 
metry  and  shielding  characteristics  conparable  to  the  test  complex. 

19.  Application  of  Conplex  III  results  to  industrial  facilities  may 
be  quite  limited  in  view  of  the  difficulties  anticipated  in  predicting 
contribution  factors  for  such  a  target. 


4.2  RECOMMENDATIONS 

The  following  investigations  are  recommended: 

1.  Conduct  firehosing  tests  on  tar  and  gravel  surfaces  to  improve 
the  reclamation  performance  with  respect  to  improved  effectiveness  and 
reduced  support  time. 

2.  Detenolne  the  feasibility  of  reclaiming  lawn  areas  with  sod 
cutting  machines  and  measure  the  performance  characteristics. 

3.  Formulate  a  recovery  planning  procedure  for  an  industrial 
target  conplex  experiment. 

4.  Develop  and  test  an  aerial  dispersal  system  capable  of  more 
realistic  distribution  of  fallout  simulant  over  target  surfaces. 

3.  Conduct  a  target  conplex  experiment  on  a  more  heavily  con¬ 
structed  facility  representative  of  light  Industrie^  and/or  outlying 
business  districts. 

In  addition  it  is  recommended  that  a  series  of  tests  be  performed 
on  typical  full-sized  target  components  for  the  purpose  of: 

1.  Obtaining  time-and-motlon  data  >dxich  will  establish  relationships 
between, productive  effort  and  the  various  forme  of  sujport  effort;  thereby 
inprovli^  future  estimates  of  expected  reclanatlon  times. 
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2.  Constxuctlng  accurate  reclaoatlon  dose-rate  histories  in  order 
to  derive  more  precise  reeiaaation  coefficients  (RC)  and  to  further 
study  the  dependency  of  RC  values  upon  unit  effort  and  fallout  mass 
loading. 

3.  Measuring  the  dose  rate  reduction  and  fallout  removal  capabili¬ 
ties  of  veatherlng  due  to  rains  and  high  velocity  vlnds. 

4.  Observing  weathering  effects  during  aerial  dispersal. 

3.  Detecting  adverse  effects  of  a  non-visual  slmulsuit  on  reclama¬ 
tion  performance. 

6.  Obtaining  better  contribution  factor  estimates. 
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APmDlX  A 

SXIAniON  OF  lAUXVT  EVKNT 


Tbe  Camp  Barks  ecoplex  experloents  vere  the  first  lArge-scale  tests 
vhereln  the  sand-slnulaat  pairtlele  else  ranges  and  distributions  vere 
held  reasonably  constant.  Ihls  stable  condition  made  It  possible  to  use 
the  Miller  fallout  model3  to  describe  a  t^lcal  fallout  event  (for  the 
observed  test  particle  sizes)  In  terms  of  weapon  yield,  dlsteuee  down- 
vlnd,  standard  Intensl'ty,  and  mass  loading.  The  results  are  shown  in 
Table  2.1  of  Chapter  2. 

In  general,  the  technlq.ue  for  selecting  a  fedlout  event  consists 
of  matching  a  histogram  of  observed  particle  sizes  to  a  family  of  fall¬ 
out  model  curves*  for  the  asstmied  weapon  yield.  ISie  histogram.  Fig.  A.l, 
of  particle  sizes  indicated  that  the  sand  dispersed  for  this  ejq^riment 
contained  particles  between  ISO  smd  330  |i.  The  standard  Intensity  curves 
bracket  the  particle  sizes  presumed  to  acconqpany  a  l-NT  buret  for  various 
distances  downwind.  At  the  peak  Intetxslty  of  approKlmately  2700  r/hr, 
the  predicted  fallout  pazi^icle  size  range  (ISO  to  300  |x)  includes  86.8 
(by  weight)  of  the  test  sand. 

Firom  the  fallout  model,  curves  may  be  constructed  showing  tbe  rela¬ 
tion  between  downwind  distance  and  particle  size  for  different  weapon 
yields.  Figure  A. 2  shows  the  curves  for  tbe  lower  and  upper  particle 
size  limits  associated  with  a  imT  detonation.  Projecting  tbe  ISO  and 
300  (1  values  vertically,  they  are  seen  to  Intersect  the  curves  at  a 
cdaBon  distance  reading  of  1.7S  x  10^  ft,  or  about  33  miles.  This,  then. 
Is  the  predicted  distance  from  ground  zero  where  the  peak  stcmdard  inten¬ 
sity  of  2700  r/hr  should  occur. 

One  of  the  more  Important  fallout  conditions  Is  that  of  mass  load¬ 
ing,  l.e.,  the  concentration  of  fallout  material  in  g/ft^.  This  mass 
loading  Is  proportional  to  the  standard  Intensity  and  is  determined  from 
the  mass  contour  ratio.  According  to  Miller,  this  ratio  Is  approximately 
33  mg/ft^  for  every  r/hr  of  standard  intensity.  Thus  the  mass  level  M 

^^nie  method  for  developing  these  curves  is  given  in  Reference  11. 
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equal!  tbe  product  of  the  standard  intensily  I,  and  the  mass  contour 
ratio.  For  this  ejq^riiaent 

M  »  2700  r/hr  X  (0.033  g/ft®)/r/hr 
M  »  90  g/ft^ 

vhleh  eas  the  nonltial  loading  dispersed. 
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Fig.  A.l  Fitting  Range  of  Sand  Particle  Sizes  to  That  Encompused 
by  Flallout  Particles  Fran  a  1-MT  land-Surfaee  Detonation 
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DOWNWIND  DISTANCE  FROM  GROUND  ZERD  (FT) 


PARTICLE  SIZE  (^) 


Fig.  A. 2  Sstabllsblag  Donowlnd  Distance  Froa.  1‘4IT  Detonation  for 
Bsrticle  Size  Bznge  of  to  300  Microns 


AFIVNm  B 

DESCBIFIIOCr  OF  BCPERlMENXia.  lAND  OSUIQBI  OGMFIBC 
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11 TH  ST. 


PLAZA 


Fig.  B.2  General 
Location  of  Fixed  R( 
(BAMS)  Stations 


Fig.  B.4  Profile  Throu^  Section  B-B  in  Fig.  B.3.  Reference  point  at 
RAMS  station  1^. 
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0  so  100  ISO  100  zso  soo  sso 

WSTANCe  (FT) 


Fig.  B.$  Profilo  Through  Soetion  A-A  in  Pig.  B.3.  Roforonce  point  at 
RAIB  station  19. 
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ELEVATION  {FT) 


410 


400 


Pig.  B.6  Profile  Through  Section  C-C  in  Fig.  B.3.  Reference  points 
at  RM6  stations  and  19 .  BMIS  station  7  also  shown. 


Ill 


INDICATES  BOUNDARY  OF  CONTAMINATED  AREA 


Fig.  B.8  layout  of  Itived  Ground  Test  Surfaces 
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TERRACE 


Fig.  B.9  layout  of  IDar  and 


APMDIX  C 


RMOB  ARBU  WXVSOKaB  SySUBf  (MNS)  Dtin 

intensity  readings  are  deeay-eorreeted  to  0000  hours  at  D40. 
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Intensity  Via  Radiacs  During  Dispersal  Phase 
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APHDDIX  I 

(XWTItIBirEEOK  mCTOR  CALCUIAHOIS 


To  avoid  conplex' column  headlnge  In  Tkbles  X-1  through  the 
columns  are  ntmtbered  according  to  the  foUowlxig  key: 

1  k,  sector  area  (ft^)  -  see  Appendix  B. 

2  dfi,  apparent  distance  between  reference  location  and  centroid 
of  contributing  sector  (ft)  -  see  Appendix  B. 

3  cf ,  unshielded  contribution  factor  »  A/d  ^ 

6L 

U  T,  mass  thickness  of  shleldltig  material  between  reference  loca- 
tlan^  station  19>  and  centroid  of  eontrlbutlx^g  sector  (lbg/ft‘) 
see  Appendix  0* 

5  »t  shielding  reduction  factor  (Fig.  3*25.)  -  see  Appendix  F. 

6  cfg,  shielded  contribution  factor  >  cf  x  s. 

7  £  cfg,  subtotal  and  total  contribution  factors. 
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TABLE  E.l 


Contribution  Factors  -  Paved  Areas  -  Station  19 


Hiallton 


lOtb  St. 


FUu 


Fu-king  Stp*. 


1 

2 

3 

4 

5 

6 

A 

App.  B 

B 

App.  0 

n<*  3<25 

H-1 

3420 

184 

.1010 

lo3+ 

0 

0 

2 

6ll 

190 

.0169 

19 

.75 

.0127 

3 

1767 

180 

.0545 

0 

1.0 

.0545 

4 

2240 

188 

.0634 

10® 

.65 

.0412 

5 

2020 

216 

.0433 

.13 

.0056 

6 

2850 

265 

.0406 

.13 

.0053 

7 

320 

^1 

.0035 

10® 

.13 

.0005 

T-l 

416 

155 

.0173 

0 

1.0 

.0173 

2 

1025 

133 

.0580 

0 

1.0 

.0580 

3 

1216 

98 

.1265 

0 

1.0 

.1265 

4 

1025 

63 

.2582 

0 

1.0 

.2582 

5 

992 

32 

.9675 

0 

1.0 

.9675 

6 

1057 

• 

U.216O 

0 

1.0 

U..216O 

7 

1025 

33 

.9406 

0 

1.0 

.9406 

8 

1025 

65 

.2430 

.  0 

1.0 

.2430 

9 

704 

92 

.0832 

0 

1.0 

.0832 

10 

1025 

119 

.0724 

0 

1.0 

.0724 

11 

863 

li^ 

.0389 

0 

1.0 

.0389 

12 

286 

170 

.0099 

0 

1.0 

.0099 

13 

198 

174 

.0065 

0 

1.0 

.0065 

14 

1025 

172 

.0347 

0 

1.0 

.0347 

15 

1025 

ISO 

.0316 

19 

•T> 

.0237 

16 

1182 

196 

.0308 

25 

.68 

.0209 

17 

96 

202 

.0024 

31 

.61 

.0015 

P-1 

2210 

166 

.0802 

125 

.0685 

.0055 

2 

2100 

121 

.1434 

28 

.65 

.0932 

3 

2100 

105 

.1905 

6 

.916 

.1745 

4 

2100 

131 

.1225 

125 

.0685 

.0084 

5 

U70 

169 

.0410 

125 

.0685 

.0028 

6 

660 

204 

.0159 

125 

.0685 

.0011 

7 

900 

185 

.0263 

125 

.0685 

.0018 

8 

1740 

158 

.0698 

4l 

.504 

.0352 

9 

1800 

137 

.0960 

0 

1.0 

.0^0 

10 

900 

137 

.0480 

1.0 

.98 

.0470 

U. 

1800 

150 

.0800 

125 

.0685 

.0055 

12 

840 

174 

.0278 

125 

.0685 

.0019 

13 

3160 

210 

.0716 

125 

.0685 

.0049 

14 

3160 

176 

.1021 

0 

1.0 

.1021 

15 

1424 

162 

.0539 

4i 

.504 

.0272 

16 

2590 

239 

.0453 

38 

.535 

.0244 

17 

588 

208 

.0136 

0 

1.0 

.0136 

18 

578 

270 

.0079 

125 

.0685 

.0005 

D-1 

650 

54 

.2230 

0 

1.0 

.2230 

2 

650 

30 

.7220 

0 

1.0 

.7220 

3 

3^ 

119 

.0269 

0 

1.0 

.0269 

4 

1950 

149 

.0878 

4l 

.504 

.0443 

5 

1045 

127 

.0648 

125 

.0685 

.0044 

6 

1025 

192 

.12U 

75 

.236 

.0286 

7 

52 

.2699 

0 

1.0 

.2699 

8 

674 

77 

.1139 

0 

1.0 

•U39 

9 

448 

136 

.02^ 

17.3535 

125 

.0685 

.0019 

.U98 


14. use 


.6456 
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TABLE  E.2 


Contribution  Factors  -  Roofs  and  Land  Areas  -  Station  19 


bU8.  570 


BUg.  371 


BUg.  STS 


BUig.  373 


Vnrao* 


gut  iMl 


1. 

2 

3 

A 

\ 

of 

App.  B 

App.  a 

Q/af 

A 

884 

132 

.0306 

B 

910 

101 

.0663 

C 

910 

74 

.1630 

A 

832 

.203 

B 

910 

86 

.128 

C 

960 

117 

.070 

A 

938 

121 

.064 

B 

884 

90 

.106 

C 

884 

66 

.194 

A* 

1006 

73 

.168 

A" 

1083 

100 

.097 

B 

1770 

138 

.090 

C 

soy> 

192 

.034 

I.1166O 

T-1 

2 

1230 

870 

156 

147 

.0314 

.o4o3 

3 

3190 

123 

.204 

4 

1760 

109 

.148 

5 

2550 

109 

.213 

6 

3070 

131 

7 

3120 

172 

.106 

6 

3070 

221 

.063 

9 

2430 

269 

.034 

B-1 

2400 

253 

0  0 

2 

340 

172 

3 

280 

179 

.0069 

k 

3390 

229 

.0647 

1 

230 

203 

.0641 

.0153 

7 

1600 

IS 

.0303 

8 

1240 

.0178 

9 

1390 

234 

.0834 

10 

2130 

256 

.0323 

1:5455 

4 

5 

6 

■ 

A|p.  0 

3-25 

© 

", 

© 

134 

.0345 

.0026 

uo 

.128 

.0113 

73 

.847 

.0403 

68 

.860 

.0574 

98 

.148 

.0173 

139 

.0795 

.0036 

71 

56 

.860 

.0166 

.356 

.0377 

44 

.475 

.0982 

54 

.388 

.0619 

67 

.864 

.0873 

82 

.200 

.0160 

123 

.0685 

.0037 

27 

.67 

.0344 

27 

.67 

.0870 

27 

0 

.67 

1.0 

0 

1.0 

.8150 

58 

.35 

.0627 

.54 

.0572 

U 

.473 

.0899 

58 

.35 

.0119 

44 

.473 

.0178 

3 

.95 

.0174 

8 

.89 

.0061 

0 

1.0 

.0647 

0 

1.0 

.0641 

103+ 

0 

0 

88 

•P- 

.0815 

10 

.86 

.0153 

28 

.68 

.0157 

35 

.56 

.0188 

.0344 


.0603 


.1463 


.1111 


.7226 


.2406 


:55y 
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TABLE  E.4 


Contribution  Eactors  -  Planter  Beds 


Station  19 


BUg.  570 


EUg.  571 


BUg.  S72 


BUg.  573 


18  3 

A  \  ef 

A».  B  i^.  B  @/(5)^ 


0-1 

70 

13s 

.0040 

a 

70 

106 

.0062 

3 

70 

77 

.0180 

i» 

bo 

57 

.0123 

5 

39 

6s 

.0101 

6 

ab 

77 

.0040 

7 

36 

93 

.0042 

8 

38 

111 

.0031 

9 

21 

lb8 

.0010 

10 

65 

lb9 

.0030 

1-1 

62 

§0 

.0248 

a 

65 

69 

.0137 

3 

68 

91 

.0082 

b 

b2 

121 

.0028 

5 

26 

134 

.0014 

8 

17 

133 

.0010 

7 

29 

uo 

.0024 

8 

29 

89 

•0037 

9 

26 

7'* 

.0047 

a-1 

39 

138 

.0020 

a 

3** 

126 

.0021 

3 

S'* 

101 

.0053 

b 

56 

73 

.0305 

5 

b8 

53 

.0171 

6 

60 

77 

.0101 

7 

S'* 

94 

.0061 

8 

S'* 

Il4 

.0042 

9 

S'* 

134 

.0019 

3-1 

a 

b6 

50 

6b 

63 

3^ 

q  q 

3 

51 

91 

.0062 

b 

32 

102 

.0031 

5 

'*5 

154 

.0019 

€ 

119 

172 

.0040 

7 

119 

205 

.0028 

8 

62 

224 

.0012 

9 

82 

214 

.0018 

10 

85 

183 

.0025 

11 

85 

110 

.0070 

IS 

83 

87 

.OUO 

T5575 

k 

5 

6 

7 

• 

B  Of, 

Ap».  0  ng>  3-8$ 

1  ® 

10^+ 

0 

0 

io3+ 

0 

0 

].o3+ 

0 

0 

103+ 

0 

0 

0, 

1.0 

.0101 

.13 

.0005 

102 

.13 

.0006 

125, 

.0685 

.0002 

103+ 

0 

0 

103+ 

0 

0 

.0114 

0 

1.0 

.02b8 

0 

1.0 

.0137 

0 

1.0 

.0082 

0 

1.0 

.0028 

103+ 

0 

0 

10;+ 

0 

0 

10^+ 

0 

0 

103+ 

0 

0 

63 

.312 

.0015 

.0510 

25 

.62 

.0012 

0 

1.0 

.0021 

0 

1.0 

.0053 

0 

1.0 

.0105 

0 

1.0 

.0171 

19 

.75 

.00^ 

28 

.65 

.0040 

33 

.59 

.0025 

38 

.535 

.0010 

.0513 

0 

1.0 

.0U3 

0 

1.0 

.0126 

0 

1.0 

.0062 

0 

1.0 

.0031 

19 

.75 

.0014 

19 

•75 

.0030 

19 

.75 

.0021 

63, 

.312 

•  OOOb 

103+ 

0 

0 

io3+ 

0 

0 

19 

.75 

.0056 

19 

.75 

.0063 

nSTT 
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TABLE  E.^ 


Contribution  Factors  -  Lawns  -  Station  19 


Bldg.  570 


BUg.  571 


BUg.  57S 


IBS 


A 


AVP.  B 

App.  B 

©/©* 

M-1 

760 

146 

.0357 

2 

760 

107 

.0664 

3 

513 

70 

.1050 

4 

703 

39 

.4620 

5 

608 

58 

.1807 

6 

703 

85 

.0974 

7 

854 

110 

.0706 

8 

9 

624 

734 

165 

162 

.0230 

.0280 

U-1 

513 

20 

I.2B1 

2 

475 

39 

.  .326 

3 

513 

61 

•il? 

4 

532 

91 

.064 

12-1 

528 

160 

.0206 

2 

429 

148 

.0196 

1 

527 

260 

l49a 

124 

■0237 

.0169 

5 

364 

97 

.0387 

6 

351 

68 

.0775 

7 

325 

45 

.1604 

4 

5 

6 

7 

■ 

S  of. 

CT.  0 

ng.  3*85 

© 

M 

© 

E  ® 

U, 

.85 

.0303 

10^+ 

0 

0 

103+ 

0 

0 

19 

.75 

.3465 

0 

1.0 

.1807 

8- 

.89 

.0867 

10® 

.13 

.0092 

102 

.13 

.0030 

68 

.28 

.0078 

.6642 

0 

1.0 

1.281 

0 

1.0 

.326 

0 

1.0 

.138 

0 

1.0 

.064 

1.809 

8 

.89 

.0183 

14 

.81 

.0159 

0 

1.0 

.0237 

0 

1.0 

.0169 

0 

1.0 

.0387 

0 

1.0 

•0775 

0 

1.0 

.1604 

.6514 

BUg.  573 


L3-1 

2 

I 


5 

6 


250 

500 

390 

390 

390 

558 


71 

li8 

34 

57 

84 

128 


.0497 

.2170 

.3380 

.1200 

.0554 

.0341 


0 

0 

0 

0 

0 

19 


1.0  .0497 

1.0  .2170 

1.0  .3380 

1.0  .1200 

1.0  .0554 

.75  -0256 
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APMDIX  7 


DiBEnaunow  op  ai  ApmoPBiAn  sEmsm  cuitvi 


In  Section  3.4. 1  of  Chapter  3  it  vm  explained  vtor  the  shielding 
cxirves  used  In  Conplex  II  for  vood  and  concrete  were  considered  to  be 
no  longer  suitable.  Ihep  were  constructed  from  a  bare  minimum  of  perti¬ 
nent  Infoxmation  -  all  that  was  then  available.  And>  they  were  later 
found  not  to  agree  satisfactorily  with  the  special  shielding  measure¬ 
ments  made  in  connection  with  Coaoplex  m. 

At  the  close  of  the  Complex  in  experiment,  Lee  and  Rlnnert  of 
USMKDL  conducted  a  series  of  shielding  measurssmnts  within  the  target 
complex  area.  The  basic  data  consisted  of  dose  rate  readings  taken  at 
station  19.  The  radiation  source,  a  Ba^-La^  capsule,  was  moved  to 
specific  locations  so  as  to  cover  the  range  of  possible  shielding  thick¬ 
nesses  existing  in  the  complex.  Ibr  a  given  distance  between  source  and 
detector,  the  ratio  of  a  shielded  reading  (from  within  the  coaplex)  to 
an  unshielded  reading  (from  the  instrument  calibration  riuage)  provided 
an  estimate  of  s,  the  shielding  (reduction)  factor.  lEbr  computing  the 
corresponding  mass  thicknesses  according  to  the  method  described  in 
Appendix  0,  it  was  possible  to  obtain  the  s  versus  t  plot  shown  in 
Fig.  F.l. 


Superimposed  on  this  plot  are  three  shielding  curves.  The  lower 
curve,  shown  as  a  dashed  line,  is  the  Cosqplex  II  curve  for  wood,  which 
appeared  earlier  in  Fig.  3*2$.  The  equation  of  this  straight  line  on  a 
semi-log  plot  may  be  expressed  as 

s  -  I/Ip  -  e’®^  (F-1) 

where  Ig  ■  the  incident  intmisity  from  a  collimated  source 
I  ■  the  emergent  intensity 
c  -  the  mass  absorption  coefficient 
CT  •  the  nwl»er  of  moan  free  paths 

Although  qjolte  scattered,  the  plotted  points  of  fig.  f.l  indicate 
a  trend  which  lies  to  the  right  of  the  dashed  curve  representing  efoo- 
tion  f-1.  Since  it  was  desired  to  refine  the  contribution  calculations 
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for  CoaplBX  III,  a  eurva  vMeh  mof  naarly  fit  the  ■  and  t  data  vaa  re¬ 
quired.  The  Obvious  approach  eas  to  correct  Iq.  F-1  for  the  effects  of 
■ultiple  scattering  hgr  introducing  a  build-up  factor  B.  That  is,  the 
equation  for  slaple  shielding  should  read 

s  -  B  e"®"^  (F-2) 


Unfortunately  B  is  not  a  constant.  It  varies  vith  the  density  of 
the  shielding  aaterlal,  the  energy  of  the  source  and  according  to  the 
nunber  of  nean  free  paths  (nfp)  indicated  by  the  eiqponent  ct.  A  eonplete 
array  of  building  vq?  factors  sure  available  from  the  vorh  of  Goldstein 
and  Vilkins.^  Their  tabulatinis Include  B  values  for  aluminum,  vater 
and  izw  -  three  substances  having  mass  absorption  coefficients  repre¬ 
sentative  of  building  materials.  By  using  these  vadues  it  vas  possible 
to  plot  a  family  of  curves  relating  B-1*  to  photon  energy  1^  for  four 
separate  multiples  of  mfp  as  shown  in  Fig.  F.2. 

Cross  plots  from  these  curves  at  a  constant  energy  of  O.83  Mev  (the 
approKlmate  mean  photon  energy  for  Ba^^-La^^)  were  then  constructed  to 
Obtain  the  relationship  between  build-up  factor  and  the  product  ct. 

Figure  F.3  gives  the  res\)lts  as  three  curves;  one  for  water,  one  for 
aluminum  and  one  for  iron.  Bote  that  the  curves  are  extrapolated  for  all 
values  of  CT  <  1. 

It  must  be  pointed  out  that  the  concept  of  build-up  factor  assumes 
both  source  and  detector  are  imrsed  in  a  homogeneous  medium.  The 
physical  arrangement  of  interest  here  concerns  a  smal-infinite  -medium. 

This  means  that  B  values  from  Fig.  F.3  must  be  converted  to  a  2x  geometry 
consistent  with  an  above  ground  source-detector  system  in  air. 

The  simplest  equation  for  build-up  factor  in  an  infinite  medium 
assumes  B  ■  1  +  b,  when  b  depends  upon  energy  and  mfp.  If  B'  equals 
the  build-up  factOT  in  a  semi-infinite  medium,  it  may  be  expressed  as 
1  +  kb,  where  k  is  a  constant.  Then 


B*  -  1  +  k  (B-1)  (F-3) 


^Ince  tbe  tern  ik-l  consistently  appears  in  neeurly  all  the  equations  of 
this  development,  plotting  it  (instead  of  B)  against  ct  was  more 
expedient. 


0.3  0.5  0.7  1.0  3.0  5.0 

PHOTON  ENERGY,  Ep 


Fig.  F.2  Build-up  Factor  as  a  Function  of  Energy  for  Various  Multiples 
of  MFP,  CT 
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Pig.  P.3  Build-up  Factor  as  a  Punction  of  MFP  Multiples  for 
Photon  Energy  of  0.83  Mev 
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The  constant  k  appearing  In  the  above  equation  may  be  estimated 
from  the  experimental  Intensities  that  Lee  and  Rlnnert  measured  at 
various  distances  In  air  from  an  unshielded  Bal^O-Lal^  source.  The 
measured  Intensities  are  represented  mathematically  as 


vhere  d  is  the  distance  between  source  and  detector  and  is  the  source 
intensity  at  unit  distance.  Rewriting  Eq.  F-4  becomes 


IB'  *  I  d^e®""  =  y 
u  in 


(P-5) 


Using  the  above  mentioned  data,  It  was  possible  to  solve  the  equa¬ 
tion  for  Y  over  a  range  of  source -to-detector  distances.  The  stepwise 
solution  is  given  In  Table  F.l.  A  plot  of  the  resultant  Y  values 
against  corresponding  ct  values  Is  shown  In  Fig.  F.^.  The  equation  of 
the  least  squares  fit  of  a  straight  line  to  this  plot  is 

Y  =  827  +  627  CT  (P-6) 

where  827  »  Yq,  the  Y  intercept,  at  a  ct  value  of  zero.  Under  this 
condition  B*  Is  vmity,  since  d  IS  so  small  that  any  build-up  due  to 
scattering  is  negligible.  Therefore,  from  Bq.  P“5>  lu  “  ^0  (®^'*' 
Eliminating  Y  between  Eqs.  F-$  euid  F-6  and  dividing  through  by  Yq  ^  827 


|-=f-«B'=l  +  0.757  CT  (P-7) 

o  u 


Setting  this  equal  to  Eq.  F-3 


k  (B-1)  =  0.757  CT 


or 

k  =  0.757  ct/(B-1)  (P-8) 


At  this  point  It  may  not  be  clear  why  It  Is  necesseury  to  find  k 
and  solve  Eq.  F-3  for  B*  when  Eq.  F-7  already  offers  a  direct  solution. 
The  latter  expression  was  derived  from  data  restricted  to  ct  values 
equal  to  or  less  than  1.0.  In  this  region  the  curve  of  B*  versus  ct  is 
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Calculation  of  Y  From  Unshielded  Measurements  of  Gamma  Intensities 


1 

2 

3 

4 

5 

6 

d* 

(ft) 

Observed 

d^ 

(103  ft2) 

CT** 

®/367 

e® 

(mr/hr) 

Observed 

1.6 

0.109 

1.115 

513 

940 

50 

2.5 

0.136 

1.146 

314 

900 

60 

3.6 

o.i64 

1.178 

212 

900 

70 

0.191 

1.210 

157 

930 

80 

6.4 

0.218 

1.244 

117 

930 

100 

10.4 

0.272 

1.312 

79 

1080 

120 

14.4 

0.327 

1.387 

53 

1060 

lUO 

19.6 

0.382 

1.465 

38 

1090 

160 

25.6 

0.431 

1.547 

28 

1110 

180 

32.4 

0.491 

1.634 

21 

1110 

200 

40.0 

0.545 

1.725 

17 

1170 

230 

52.9 

0.627 

1.870 

12 

1190 

260 

67.6 

0.708 

2.03 

9.3 

1280 

300 

90.0 

0.818 

2.27 

6.5 

1330 

*  Basic  data  collected  by  Lee  and  Rlnnert. 

**CT)  the  number  of  mfp's  is  based  on  an  air  mass  absorption  coefficient 
of  0.3^1  ft2/lb  and  an  air  density  of  O.O8O  lb/ft3. 


MULTIPLES  OF  MFP,  CT 


Pig.  P.4  Determination  of  Y  Intercept,  Y^  =  in  Eq,.  P-6 


148 


a  relatively  straight  line.  Since  B*  Is  known  to  be  a  function  of  den¬ 
sity  as  embodied  In  the  product  ct^  It  Is  unlikely  that  the  curve  would 
continue  as  a  straight  line.  fRierefore  Eq.  F-7  Is  not  suitable  as  a 
general  expression  of  B',  and  Bq.*  F'S  Is  preferred. 

From  Eq,.  F-8  It  was  possible  to  estimate  an  average  value  of  k. 

This  together  with  the  build-up  factors  available  let  Eq.  F-3  give  B* 
values  for  a  number  of  materials  -  water>  aluminum  and  Iron  In  particular. 
Reference  12  does  not  Include  build -up  factors  for  air.  Therefore,  the 
solution  to  Eq.  F-8  must  rely  upon  the  substitution  of  B  values  computed 
for  water,  a  substance  having  a  relatively  low  Z  number.  Tkklng  B  values 
from  the  upper  c\irve  In  Fig.  F.3  over  the  range  0  <  ct  <  1,  Eq.  F-8  gives 
an  average  value  of  k  equal  to  O.67.  Thus  Eq.  F-3  becomes 

B*  =  1  +  0.67  (b-1)  (F-9) 

or  B*  =  0.67  B  +  0.33 


Colvonns  1  through  4  of  Table  F.2  present  a  solution  to  Eq.  F-9  for  four 
arbitrary  values  of  ct.  The  cxirves  of  Fig.  F.3  were  used  again  for 
obtaining  necessary  B  values  as  Input  data. 

The  remaining  columns  of  Table  F.2  represent  a  solution  to  the 
shielding  equation 

s  =  B'  e*°'^  (F-10) 


where  B*  has  been  substituted  for  B  In  Eq.  F-2.  By  dividing  the  ct 
values  by  the  respective  mass  absorption  coefficient  c  given  In  the 
table,  the  mass  thicknesses  shown  In  column  3  were  obtained.  Columns 
6  and  7  complete  the  soluticm. 

A  graph  of  the  resultant  s  values  (in  column  7)  versus  the  t  values 
(in  column  Is  shown  In  Fig.  F.l  by  the  solid  line.  This  curve  appears 
to  provide  a  better  fit  to  the  data  points  than  the  dashed  curve  described 
by  Eq.  F-1.  The  effect  of  introducing  the  build-up  factor  Into  Eq.  F-1 
Is  obvious  from  the  relative  position  of  the  two  curves. 

The  uppermost  curve  appearing  In  Fig.  F.l  Is  that  derived  by  Spencer^^ 
for  concrete  and  1  Mev  gamma  energy.  It  Is  based  on  a  tax  more  sophis¬ 
ticated  approach**  than  the  approaclmate  method  Just  described  In  this 

^  See  Fig.  ^.1,  page  17  of  Reference  10. 

'**Spencer  used  the  moments  method,  and  Msumed  an  Infinite  water  medium 
auid  a  plane  perpendicular  source. 
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Calculations  of  B*  and  s  for  Arbltrazy  Values 
of  CT  and  t 


1 

2 

_ 3 _ 

4 

5 

6 

7 

CT 

No.  of  mfp 

B 

Pig.  P.3 

.67  B  B' 

•67©  @+  0.33 

e-CT 

eO 

Water  (  c  = 

.  0.0380 

ft^/ib) 

1 

2.24 

1.50 

1.83 

26.3 

.368 

.674 

2 

4.05 

2.72 

3.05 

52.6 

.135 

.412 

3 

6,50 

4.36 

4.69 

78.9 

.0497 

.233 

k 

9.50 

6.37 

6.70 

105.2 

.0182 

.122 

Aluminum  (c  » 

0.0330 

ft^/lb) 

1 

2.12 

1.42 

1.75 

30.3 

.368 

.644 

2 

3.50 

2.35 

2.68 

a>.6 

.135 

.361 

3 

5.25 

3.52 

3.85 

90.9 

.0497 

.191 

k 

7.30 

4.80 

5.13 

121.2 

.0182 

.093 

Iron  (c  « 

0.0323 

ft^/lb) 

1 

1.89 

1.27 

1.60 

31.0 

.368 

.589 

2 

2.98 

2.00 

2.33 

62.0 

.135 

.314 

3 

4.18 

2.80 

3.13 

93.0 

0.487 

.155 

k 

5.50 

3.69 

4.02 

124.0 

.0182 

.073 
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appendix.  Nevertheless,  the  curves  sire  nearly  parallel  over  their 
entire  length,  nils  relatively  constant  dlsplaeesient  Is  probably  caused 
by  terrain  and  geosietry  factors  and  differences  In  source  conflguratlm. 
The  agreement  In  slope  and  form,  however,  Is  Interesting  In  view  of  the 
totally  divorced  avenues  of  approach  employed  In  the  curves'  derivations. 
Because  of  this  agreement  and  the  reasonable  proximity  of  data  points. 

It  may  be  concluded  that  the  vater-alumlnum-lron  curve  Is  suited  for 
Its  Intended  use.  In  addition,  this  same  curve  may  be  assumed  to  rep¬ 
resent  other  materials  having  a  relatively  low  Z  nuiid>er  such  as  concrete, 
esurth,  glass,  wood,  copper,  etc. 

It  should  be  pointed  out  that  the  solid  curve  presented  previously 
In  Fig.  3.25  la  not  the  same  as  Its  counterpart  In  Fig.  F.l.  The  former 
curve  Is  the  result  of  an  earlier  derivation  based  on  an  average  photon 
energy  of  0.7  Mev.  The  more  correct  value  of  O.83  Mev  was  determined 
later.  However,  this  earlier  curve  was  used  In  the  contribution  factor 
calcvilatlons .  Fortunately  the  two  curves  do  not  differ  significantly, 
except  for  large  values  of  mass  thickness.  For  Instance,  at  t  values  In 
excess  of  100  Ib/ft^,  s  values  differ  by  10  ^  or  more.  This  might  account, 
to  some  degree,  for  the  slse  of  the  errors  (ep)  in  the  predicted  frac¬ 
tional  contributions  (fp)  reported  In  Section  3.^.  These  errors.  It  will 
be  recalled,  were  attributed  largely  to  the  shielding  factors. 
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AFFBDZX  0 


SYSTQATIC  dOXUIAinOHS  FOR  MASS  THICKIIBSS 


It  is  evident  from  Appendix  E  that  meaningful  contribution  factor 
calculatlone  must  Include  a  correction  to  account  for  the  Inherent  shield¬ 
ing  properties  of  the  buildings  vlthln  the  target  cotaplex.  The  approach 
usedts  make  these  shielding  corrections  was  first  to  find  the  effective 
mass  thickness  of  all  the  Intervening  shields  between  a  particular  con¬ 
tributing  soturce  and  some  arbitrary  receiving  location.  (Qten,  from 
Fig.  3 >25  the  corresponding  shielding  reduction  factor  was  determined. 

Before  presenting  the  detailed  and  systematic  solution  to  the  above 
problem,  It  should  be  clear  what  Is  meant  by  the  concept  of  mass  thick¬ 
ness.  For  the  purposes  of  this  report,  the  apparent  mass  thickness,  t, 
of  a  given  material  Is  slowly  the  product  of  Its  denslly,  p,  and  the 
thickness,  t;  where  t  Is  measured  normal  to  the  surface.  Since  the  den¬ 
sity  for  a  given  material  Is  a  constant,  mass  thickness  t  is  always  pro¬ 
portional  to  linear  thickness  t.  Keeping  consistent  units  In  the  above 
product,  T  will  be  In  pounds  (mass)  per  unit  area  (ibs/ft^). 

Mass  thickness  Is  a  convenient  quantity  for  two  reasons,  namely: 

(1)  The  weights  of  structural  materials  In  Ib/ft^  are  available  In 
architectural  handbooks.* 

(2)  A  plot  of  shielding  protection  factors  versus  mass  thickness 
for  any  number  of  common  cmstructlon  materials  (wood,  earth,  concrete, 
aluminum,  copper  cuid  steel)  results  In  essentially  one  curve  at  each 
energy  level. 

The  various  building  elements  (roofs,  floors,  walls,  and  parti¬ 
tions)  constituting  shielding  in  the  target  cou^lex  are  randomly  oriented 
with  respect  to  some  curbltraxy  receiving  point.  Consider  a  simple 

*See  B.  V.  Cannon's  Building  Materials  Commonly  used  In  Existing  Urbeui 
Buildings  In  the  Ibilted  States,  (8  Jan  19^8,  PROJECT  CIVIL,  Institute 
of  Engineering  Research,  University  of  California)  for  'typical  mass 
thickness  'values. 
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shielding  situation  created  by  the  free  standing  vail  shown  In  Fig.  0.1. 
For  this  and  subsequent  exan^les  the  following  definitions  and  relation¬ 
ships  apply: 

T  s  minimum  mass  thickness 
Tq  b  effective  mass  thickness 
t  B  minimum  thickness  of  shielding  material 
tg^  B  any  slant  thickness  In  a  horizontal  plane 
te  effective  thickness  (a  true  slant  thickness) 

Ah  B  height  differential  between  contrlbutli^  source  and  receiver 
da  «  horizontal  distance  between  source  and  receiver 
1  B  that  line  (noznal  to  a  vail)  acting  as  the  leg  of  a  horizontally 
oriented  right  trl«U3gle  having  d^  as  a  hypotenuse. 

From  Fig.  G.l  It  Is  apparent  that  the  line -of -sight  radiation  path 
between  a  contributing  source  and  the  receiver  will  be  oriented  obliquely 
with  a  given  shielding  element.  As  a  result,  the  Incident  radiation 
must  traverse  the  building  elements  over  an  effective  thickness,  tg, 
which  exceeds  the  minimum  thickness,  t.  Therefore,  the  effective  mass 
thickness,  which  Is  proportional  to  tg,  will  usually  exceed  the  handbook 
value. 


By  definition  t  b  pt,  where  density  p  may  be  considered  a  constant 
of  proportionality.  Thus  ==  P  t^.  Eliminating  p  between  these  two 
expressions  gives 


T 


e 


(0-1) 


In  essence,  then,  determination  of  a  true  or  effective  mass  thick¬ 
ness  requires  finding  the  effective  thickness  te  along  the  Une-of -sight 
radiation  path.  A  systematic  method  for  obtaining  te  (euid,  hence,  Te) 
for  a  number  of  shielding  situations  Is  demonstrated  In  the  following 
figures  and  tables. 

For  horizontally  oriented  shields,  such  as  roofs  (as  found  In  the 
target  complex)  and  floors,  the  situation  Is  as  pictured  In  Fig.  0.2. 
From  the  right  triangles  Involved  it  Is  evident  that 


tg  B  t  CSC  a  (G“2) 


In  the  case  of  vertically  oriented  shields  It  Is  necessary  to  dif¬ 
ferentiate  between  walla  and  partitions  as  follows : 


153 


Fig.  G.2  Horizontally  Oriented  Shielding  Elements 
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Bxterlor  vail  -  the  building  element,  other  than  a  roof  or 
floor,  between  the  source  and  receiver  that  acts  as  a  shield. 

Interior  vail  -  any  shielding  elaent  between  the  source  and 
receiver  that  is  iiarallel  to  the  relevant  exterior  vail. 

Partition  >  a  vertical  shielding  surface  between  the  source 
and  receiver  that  is  positioned  at  90°  with  sua  exterior  vail. 

The  distinction  is  clearly  shown  in  Fig.  0.3.  Here  the  element  labeled 
vail  could  be  either  interior  or  exterior. 

From  the  right  triangles  of  Fig.  0.3  appropriate  expressions  may 
be  derived  for  the  effective  thickness  t^. 

For  vails: 


and 

thus 

For  partitions: 

and 

thus 


t  B  t  sec  ^ 
t  =  t  sec  O 

C  8k 

t^  B  t  sec  ^  sec  a 

t,  =  t  CSC  p 

t^  «  t,  sec  a 

.0  0 

t  B  t  CSC  p  sec  a 

C 


(0-3) 


(0-4) 


By  substituting  Eq.  0-2,  0-3  or  0-4  for  t^  into  Ai.  0-1,  we  will 
find  the  relationships  between  the  minimum  mass  thickness  and  the  effec¬ 
tive  mass  thickness  for  three  basic  shielding  situations. 


Roof  and  Floor: 


VaU: 

Partition: 


T  CSC  P 

(0-5) 

T  sec  p  sec  ot 

(0-6) 

T  CSC  p  sec  a 

(0-7) 
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Tbe  following  exuaple  denonetrates  the  eonqputstlonsl  steps  required. 
It  Is  desired  to  find  the  effective  dms  thicknesses  between  roof  sec¬ 
tions  A,  B,  and  C  of  Bllg.  570  as  the  source  and  Station  19  as  the  re¬ 
ceiver.  From  the  layouts  and  elevation  data  given  in  Appendix  B  the 
following  table  nay  be  constructed. 


Source  Location 

Ah  (ft) 

1  (ft) 

Bldg. 

570  -  Roof  A 

6.6 

132 

53 

Bldg. 

570  -  Roof  B 

6.6 

101 

53 

Bldg. 

570  -  Hoof  C 

6.6 

74 

53 

Prom  the  right  triangles  bounded  by  Ah,  d^  and  1  (refer  to  Pig.  G.l,  0.2 
and  0.3)  the  required  trigonometric  functions  of  angles  a  and  S  are  de¬ 
termined.  These  are  tabled  below. 


Required 


Source  Location 

CSC  a 

sec  g 

sec  3 

CSC  S 

Bldg.  570  -  Roof  A 

20.00 

1.00 

2.49 

1.09 

Bldg.  570  -  Roof  B 

15.34 

1.00 

1.41 

1.17 

Bldg.  570  -  Roof  C 

11.27 

1.00 

1.40 

1.43 

minimum  mass  thickness  values  tedcen  from  the  Cannon  Report  give: 

T  (roof)  »  6.1  Ibs/ftp 
T  (waU)  =3.3  Ibs/ftp 
T  (partn)  *  3.7  Ibs/ft*^ 


Using  Bqs.  0-5,  0-6,  and  0-7  and  the  values  In  the  above  table,  the 
following  effective  mass  thickness  values  result: 


Source  Location  (roof) 


(wall)  (partn)  (total) 


Bldg.  570 

Roof  A 

122  lbs/ft2 

8.0 

Bldg.  570 

Roof  B 

94  Ibs/ft*^ 

6.0 

Bldg.  570 

Roof  C 

68.3  ibs/ft*^ 

4.7 

4.0  Ibs/ft^ 

134  Ibs/ft® 

Ibs/ft® 

100  Ibs/ft^ 

Ibs/ft^ 

73  Ibs/ft® 

niese  are  Identical  to  those  shown  In  column  k  of  Able  E.2  in  the  con¬ 
tribution  factor  calculations.  It  Is  now  slnqply  a  matter  of  reading  the 
corresponding  shielding  factors  for  each  of  the  three  roof  segments  from 
the  curve  In  Fig.  3.32  or,  more  correctly.  Fig.  P.l. 
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